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Pioneering 
With Motor 
Drives— 


A Little History and a 
Record of Motor Per- 
formance That Will Be 
Hard to Beat 


UNDREDS and even thousands 

of small motors in a single 
textile mill driving looms and spin- 
ning frames now create little com- 
ment. 

From an electrical standpoint, this 
industry is today well toward the 
top of the list from the standpoint 
of number of motors operated, large- 
ly because of the opportunity to use 
individual drive on textile machines. 

And all of this has happened dur- 
ing the past 30 years. At the plant 
of the Columbia Mills at Columbia, 
‘S. C., the first application of an in- 
duction motor drive was made in a 
textile mill, and this was the first 
such mill in the world to install a 
complete generating plant for oper- 
ating motors on the premises and to 
adopt the plan of subdividing the 
mill into independently-driven sec- 
tions. 

The photographs show one of the 
first induction motor drives in the 
plant of the Columbia Mills, and an 
old, wood-frame switchboard in- 
stalled in the power station. 

Another interesting point about 
this installation is that the original 
electrical equipment is still running 
and giving satisfactory service. Of 
the fourteen motors installed, only 
seven have been rewound and five of 
them are running on their original 
sleeve bearings. 

In checking up with the Engineer- 
ing Department of the General Elec- 
tric Company on this motor installa- 
tion, I have received the following 
comment: 





_ The problem which faced the Colum- 
bia Mills in 1893 was the adaptation 


of mechanical drive—then the accepted: 


method of mill operation—to peculiar 
local circumstances. Finally, however, 
it was decided to install the three-phase 
electrical system. This decision was 
made after reviewing propositions from 
three competitive manufacturers, two 
of whom suggested the use of direct- 
current motors of large size to drive 
the shafting which would ordinarily be 
used in a mechanically-driven mill. In 
April, 1894, two 500-kw., 108-r.p.m., 
3-phase generators direct connected to 
two pairs of 48-in. horizontal water 
wheels were installed and fourteen 65- 
hp. induction motors were used for 
operating the mill. 

At the time the installation was made 
there was no record of any motor hav- 
ing been used in a cotton mill. These 
motors were the first to be inverted 
and suspended from the ceiling, and it 
was the first instance where a motor 
shaft was extended at both ends. 

The normal rating of the motors 
when installed was 65 hp. each. Dur- 
ing their thirty-two years of operation 
the average load has been from 80 to 
85 hp. Rewinding has been actually 
necessary on but five of the stators, 
two having recently been rewound as a 
precautionary measure. The only re- 
pairs needed by the motors were of a 
minor character. Some of the motors 
were run, in addition to their thirty-two 
years of day operation, for at least 
ten years on night operation, giving an 
equivalent of forty-two years of service 
since the original installation. 
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At the time the motors were installed 
they were the largest of that type in 
horsepower rating which the General 
Electric Company had made. The larg- 
est three-phase induction motors built 
before that time were 10-hp. machines, 
a single 5-hp. unit being the largest 
sold. 

Credit for this piece of pioneering 
goes to C. K. Oliver who ordered the 
equipment in 1893, and Sidney. B. 
Paine, who handled the work for the 
General Electric Company, with the 
late Charles P. Steinmetz in the 
background as a combined engineer 
and salesman. It is on the results 
of such pioneer work as this that 
mill and factory electrification to- 
day owes its rapid progress and no 
one would dare predict now just 
what it will be like in extent or na- 
ture thirty-two years from now. 
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A LOAD SURVEY of an industrial plant 
will often expose conditions which cause 
the power cost to be higher than neces- 
sary. Perhaps the diversity factor may be 
improved so as to cut down the maximum 
demand. Possibly the connected-load 
factor will indicate an over-investment in 
drive equipment. Again, power factor in- 
vestigations may disclose ways to cut power 
costs. In this article Mr. Stafford tells 
how to determine and use these factors 
to interpret load conditions in your plant. 


How to 
Go About 


Making a 
Survey of the 
Power Load 


In an Industrial Works 
Together With Methods 
of Analyzing the Data so 
as to Cut Power Costs 


By H. E. STAFFORD 


Electrical Engineer, Provincial Paper Mills, 
Lid., Port Arthur, Ontario 


HE primary object of making 
a load survey is to determine 
whether the power is being 
economically consumed. Making a 
survey involves measuring the loads 
on individual equipment and locating 
and determining any electrical or 
mechanical losses that may exist 
there. It is also necessary to sum- 
marize the individual loads so that 
they can be analyzed and compari- 
sons drawn by means of the follow- 
ing factors: power factor, load fac- 
tor, connected-load factor, demand 
factor, plant factor, and diversity 
factor. These factors are all ex- 
pressed as percentages and it is 
through an interpretation of these 
factors and the losses found from 
the survey that conclusions may be 
reached as to whether the power 
consumed is being used economically. 
Before taking up in detail the fac- 
tors just mentioned, let us consider 
some of the mechanical and electrical 
losses that may be found in the aver- 
age industrial plant. 

The mechanical losses in power 
consumption are usually termed the 
friction load and will vary with each 
type of mechanical drive and with 
each individual unit. The least fric- 
tion load is found where the drive is 
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direct through a coupling, as with 
most centrifugal pump installations. 
Here, the friction load consists 
merely of the bearing and running 
plate friction and should not, when 
added to the magnetizing current or 
no-load current of the motor, exceed 
20 per cent of the full-load current 
rating. For convenience, the friction 
load will, in this article, include the 
load due to the magnetizing current. 

Gears of various forms constitute 
a friction load slightly in excess of 
the coupling drive, with an average 
of approximately 20.5 per cent of the 
full-load current rating of the motor. 
Gears should mesh properly; other- 
wise the friction load will increase 
considerably above normal. 

Rope, chain and belt drives pro- 
duce a greater friction load than 
those drives mentioned above, even 
under the most advantageous cir- 
cumstances. The friction load with 
these types will reach as high as 30 
per cent of the full-load current rat- 
ing unless carefully checked. The 
average should not exceed 25 per 
cent even with lineshafting, if the 
use of power is to be considered eco- 
nomical. Where the connecting link 


is a chain it should have a certain 
amount of play and should never be 
tight, as a tight chain has no give 
or elasticity and imposes an excess 
of friction load, besides lessening 





A check is being made of 
the voltage and current supplied to 
this motor. 

Less than rated voltage lessens the 


Fig. 1. 


torque developed by the motor, 
which causes it to run at less than 
rated speed. Comparison of the am- 
meter reading with the ampere rat- 
ing given on the nameplate of the 
motor will show whether or not the 
motor is overloaded and in danger 
of overheating. The ammeter read- 
ing does not give a true indication 
of the power developed by the motor 
unless used in connection with the 
efficiency and power factor curves 
of the motor. 





the life of the bearings and chain. 

With rope drives, the most eco- 
nomical method of saving power or 
reducing the friction load and pre- 
venting slippage, is by means of 
counterweight pulleys, the weight of 
which can be increased or de- 
creased until a point is reached 
where both the slippage and friction 
load are minimum. 

Where leather or composition belts 
are used, considerable losses may 
result unless belt tension is properly 
adjusted and the proper size of belts 
and pulleys is used. 

Lineshafting is the cause of a 
heavy friction load in many cases; 
consequently, a great amount of care 
should be taken in its installation, 
particularly as regards alignment 
and the type of bearings used. Ball 
and roller bearings, while more ex- 
pensive in first cost, will usually 
make up for the extra cost in re- 
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duced friction load, lessened lubrica- 
tion and lower maintenance costs. 

Considerable power is lost in a 
great number of cases due to im- 
proper size of pulleys. The pulley 
furnished with the motor should not 
be changed without studying the 
application carefully, since the size 
furnished will in all cases be the 
most suitable for the type of motor. 
In 99 cases out of 100, haphazard 
changing of pulleys results in in- 
creased friction load, and is often 
disastrous to the motor. 

The mechanical losses that have 
just been described can be readily 
checked by connecting a wattmeter, 
ammeter, and voltmeter in the indi- 
vidual motor circuits and noting the 
effect of any mechanical readjust- 
ments on the load taken by the motor 
under test. 

Besides the mechanical losses that 
have just been discussed, there are 
some electrical losses that should be 
considered in making a load survey. 

The electrical losses of a system 
using direct-current motors do not 
increase the cost of power to the 
same extent as when alternating- 
current motors are used, and apart 
from the losses due to field excita- 
tion, they may be ignored. The field 
excitation, however, is practically 
the same at all loads and does not 
vary greatly with the size of the 
motor. For instance, the field am- 
peres of a 30-hp., and a 55-hp., di- 
rect-current motor are _ identical. 
Where motors are underloaded, there 
is a slight mechanical. or friction 
load which can be reduced by using 
the proper size of motor. Apart 
from the losses mentioned above, the 
remaining losses may all be consid- 
ered as mechanical losses. 

Where alternating current is used, 
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the case is somewhat different. 
Since alternating-current motors 
operate on the principle of induction, 
there is considerable loss due to the 
magnetizing current in the windings, 
even in a motor running without 
load. The writer has found cases 
where the no-load current of an in- 
duction motor was 25 per cent of 
the full-load rating, and cases where 
it amounts to 20 per cent are com- 
mon. On a recent test of a 175-hp. 
induction motor, with a full-load rat- 
ing of 176 amp., the losses averaged 
37.5 amp. per phase, or 21.3 per cent 
of the full-load rating. 

As this magnetizing current is 
present at all times when the motor 
is running, and in almost unvary- 
ing quantity, it becomes an impor- 
tant loss if, for instance, the motor 
is carrying only 50 to 75 per cent 
of its normal load most of the time. 
It should be a well-known fact 
among users of induction motors 
that an underloaded induction motor 
is an undesirable quantity. In the 
first place, the power taken by an 
induction motor consists of two com- 
ponents. One is an energy compo- 





Figs. 2 and 3. Scheme for using 
two wattmeters for measuring 
power and reactive kilovolt-am- 
peres. 


Fig. 2 shows two graphic wattme- 
ters, the top one of which is con- 
nected so as to measure true power; 
the wattmeter at the bottom has its 
potential coils connected so that the 
current and potential of this meter 
are in quadrature, thereby causing it 
to measure reactive kilovolt-am- 
peres. Fig. 3 shows the connection 
scheme used. The terminals marked 
Kw. are the current and potential 
terminals for the wattmeter meas- 
uring true. power, while the ter- 
minals marked R. Kva. are for 
the wattmeter measuring reactive 
kilovolt-amperes. The test links 
and switches shown in both figures 
are for quickly changing the con- 
nections of the Kva. meter 
so as to measure true power instead 
of reactive kilovolt-amperes. 
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nent, which is expressed as useful 
or available power, while the other, 
which is due to the magnetizing cur- 
rent required by the motor, is called 
the wattless or reactive component. 
This latter component is capable of 
no work and may, therefore, be con- 
sidered a loss. The ratio of the two 
components determines the power 
factor of the load. 

In a general sense, the power fac- 
tor of a motor or a system of motors 
really expresses the ratio of the 
power consumed to the power paid 
for. For this reason power factor 
is usually considered of primary im- 
portance in a load survey. 

Most power producing utilities 
penalize their customers when their 
power factor falls below a certain 
percentage, usually 90 per cent lag- 
ging. Assuming that a power con- 
sumer is using 6,000 hp. at a sys- 
tem power factor of 75 per cent 
lagging, the basis of charge is then 
made on the difference between the 
power factor maintained and that 
called for, or 6,000—0.75—8,000. 
Thus, it may be seen that with a 
6,000-hp. load at 75 per cent power 
factor, 8,000 hp. of transformer ca- 
pacity, transmission line capacity 
and electric generator capacity are 
being used by the power company to 
supply this power consumer’s load. 
However, since the power company 
usually does not penalize for that 


. load between 90 and 100 per cent 


power factor, the load for which the 
consumer is charged is 8,0000.90— 
7,200 hp., that is, he is charged for 
1,200 hp. more than is actually used. 
The excess of 1,200 hp. consists 
mainly of the magnetizing current 
of the load previously mentioned and 
for which the power company has 
to maintain equipment. This excess 
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horsepower is not true power in the 
sense that it is actual delivered 
power; it is reactive power and ties 
up part of the capacity of the equip- 
ment generating, distributing or 
transforming the power. 

Low power factor may be reme- 
died by increasing the load on the 
individual motor or by the installa- 
tion of either synchronous motors, 
or static condensers. Individual in- 
duction motors should not be over- 
loaded beyond 10 per cent of their 
rating, as considerable of the over- 
load is made up of an increase in 
magnetizing current, and while the 
power factor will increase even after 
full load is reached, the life of the 
motor is shortened. The methods of 
measuring power factor will be dis- 
cussed later in this article. 

Second in importance to power 
factor in making a load survey is 
the load factor. 

The load factor of a plant or sys- 
tem is the ratio of the average power 
consumed to the maximum demand 
on the system for a specified period 
of time. Load factors may be deter- 
mined by the month or year, the 
yearly load factor usually being the 
one considered in a load survey. In 
an industrial plant manufacturing a 
given article, where the duty cycle 
of the various machines is uniform, 
the load factor should be fairly high; 
in some cases as high as 80 per cent. 
The average manufacturing plant 
should have a yearly load factor of 
from 50 to 65 per cent. Plants such 
as grain elevators, coal and ore docks 
and others where the duty cycle is 
seasonal have load factors as low as 
15 per cent. The value of this fac- 
tor in the economical use of power 
and reduction of losses, lies in the 
fact that once determined, steps may 
be taken whereby the duty cycles of 
some departments may be made to 
overlap, and the power curve kept in 
as nearly a straight line as possible. 

Also, most power companies base 
their power charges on an energy 
charge for the power consumed and 
in addition, on a demand charge for 
the maximum demand made upon 
them for power during a certain in- 
terval of time. Ideal conditions are 
reached when the load factor is 100 
per cent, for then the maximum de- 
mand equals the average demand or 
average power consumed and the 
power charges would be the lowest 
obtainable for that amount of power. 
As the load factor decreases from 
100 per cent, the power charges 
will be increased on account of the 
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Fig. 4—Here are some of the port- 
able testing instruments used in 
one industrial plant. 


At the left is a split core current 
transformer having two ratios, one 
of 25 to 1 and the other 50 to 1. 
Immediately to the right is a volt- 
meter having a 300-volt and a 600- 
volt scale. In the center foreground 
is an ammeter having a 5-amp. scale 
for use with a current transformer, 
one of which. is immediately behind 
it. Behind the current transformer 
is a megger for use in measuring in- 
sulation resistance and other resist- 
ance. At the extreme right is a 
solid core current transformer hav- 
ing 5 to 1, 10 to 1, and 20 to 1 ratios. 





increase in the demand charge. 

The average load, as used in cal- 
culating the load factor, is deter- 
mined by dividing the total kilowatt- 


‘hours consumed during a certain 


period by the number of hours dur- 
ing that period. This gives the aver- 
age kilowatt-hours per hour which is 
equivalent to the average kilowatts. 
The maximum demand is measured 
by a demand meter or may be ob- 
tained with the aid of a graphic 
meter. 

Another factor dealing with the 
economical use of power is the con- 
nected-load factor. The connected- 
load factor of a plant or system is 
the ratio of the average power con- 
sumed to the connected load of the 
plant or system. The nearer these 
quantities are to each other, the 
more economical is the operation of 
the plant from the power standpoint. 
If the sum of the ratings of all of 
the motors in a plant is equal to 
1,000 kw., and the average load 
drawn by these motors is 500 kw., 
the load factor is equal to 500~— 
1,000—50 per cent. 

While the power charges are not 
usually based on the connected load, 
still the fact remains that there is 
an extra 500 kw. of motor capacity 
available, which is not used and 
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which at one time represented a cap- 
ital expenditure. It is practically 
impossible, in a plant having from 
50 to 100 motors, to work all the 
motors to their full capacities every 
day of the year, but for economy the 
connected-load factor of the average 
plant should be almost as high as 
the load factor. The connected-load 
factor is also known as the capacity 
factor. 

Three other factors that are of 
help in determining whether the 
power consumed and the equipment 
consuming it are economically used, 
are the demand factor, the plant fac- 
tor, and the diversity factor. 

The demand factor of a plant or 
system is the ratio of the maximum 
demand or highest peak for a pre- 
determined interval to the total con- 
nected load of the plant or system. 
The demand factor of a small plant 
utilizing one or two motors that are 
overloaded will be high. The writer 
has found instances of load factors 
as high as 125 per cent. On the 
other hand, where there is a consid- 
erable number of motors, the de- 
mand factor may not be higher than 
70 per cent. In the average indus- 
trial plant, a demand factor of from 
85 to 95 per cent is considered good. 
The value of the demand factor in 
a load survey is to determine 
whether the generating and trans- 
forming equipment are out of pro- 
portion to the total connected load. 
If the yearly demand factor is 80 
per cent of the total rating of the 
motors, the generating and trans- 
forming equipment need not be 
greater than 80 per cent of the total 
rating of the motors. 

The plant factor of a plant or sys- 
tem is the ratio of the average power 
consumed to the rated capacity of ' 
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the generators, transformers, etc., 
and is usually slightly lower than 
the load factor and sometimes equal 
to the connected-load factor. Its 
value in a load survey is a further 
check on demand and other factors. 

The diversity factor of a plant 
or system is the ratio of the sum of 
the maximum demands of individual 
loads to the maximum demand of the 
entire group. Most industrial plants 
are split up into manufacturing de- 
partments, and when all of these 
various department loads occur at 
the same time, the diversity factor 
is unity or 100 per cent. Where the 
various department peak loads occur 
at the same time, it is often possible 
to change the operation so as to 
stagger the peaks and thus make a 
more even load and reduce the ca- 
pacity needed in the generating and 
transforming equipment. Hence, it 
is seen that a diversity factor of 100 
per cent represents the worst possi- 
ble condition. 


METHODS AND INSTRUMENTS USED IN 
MAKING A LOAD SURVEY 


From the foregoing it can be seen 
that in making a load survey it is 
necessary to determine the connected 
load, average load, power factor, 
maximum demand and any abnormal 
mechanical or electrical losses that 
may. exist. The connected load is, of 
course, the sum of the ratings of all 
motors or other energy-consuming 
apparatus connected to the system. 
The average load may be measured 
with a wattmeter, or a graphic watt- 
meter as shown in Fig. 2. 

Power factor may be measured by 
means of a power factor meter, two 
wattmeters, or by a wattmeter, am- 
meter, and voltmeter. Thus, we see 
that in the last analysis we need in- 
struments to measure watts, volts, 
and amperes. From the data taken 
by these measurements we can ar- 
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rive at the factors and values men- 
tioned previously. 

There are several methods of mak- 
ing a load survey, each method de- 
pending on the instruments at hand 
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Fig. 5. Relations existing between 
kva., kw., reactive kva., and power 
factor. 


AB represents the kva. and AC the 
kw. or power component of the load 
while BC is the reactive kva., or 
wattless component of the load. 
Power factor is represented by the 
cosine of the angle between AC and 
apd ~ wary is equal to AC divided 
y : 





and the quality of the test. For an 
elaborate test, two portable graphic 
wattmeters may be used, one of 
which has its potential coils con- 
nected so that the current and po- 
tential of that meter are in quadra- 
ture to each other. This method 
gives very accurate results. The con- 
nections for such a test are shown in 
Fig. 3. Also two switchboard 
graphic wattmeters connected in this 
manner are shown in Fig. 2. One 
wattmeter gives the total kilowatts 
consumed and shows also the peak 
at any instant. The remaining watt- 
meter registers the reactive compo- 
nent of the load. The power factor 
of the entire system, individual mo- 
tor, or department group of motors, 
is then found through the use of 
the formulas: 

W,-—-W,=tan a and 

Cos a=power factor, 

In which W.=reading of wattme- 
ter giving the power component, and 





Fig. 6. Connection schemes for 
measuring volts, amperes, watts 
and power factor on three-phase 
circuits. 
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W.=reading of wattmeter giving 
reactive component; that is, its cur- 
rent and potential coils are connected 
in quadrature. 

In this formula, a—angle of lag 
or lead between W, and W,,. 

In other words, the reactive com- 
ponent reading divided by the en- 
ergy reading equals the tangent of 
the angle of lag or lead between 
these two components. The cosine 
of this angle is the power factor of 
the load under test. 

For instance, suppose the read- 
ing of the wattmeter W, equals 
4,800 kw., while the reading of the 
wattmeter showing the reactive com- 
ponent, or the R. Kva. meter is 2,400 


kva. The ratio, 2,400—4,800—0.5, 
which is the tangent of the 
angle. The angle in this case is 


26.6 deg., and the cosine of 26.6 deg. 
is 0.89, which makes the power fac- 
tor equal to 89 per cent lagging. 

Another method of conducting a 
survey is by means of a wattmeter, 
an ammeter, a voltmeter, and a 
power factor meter. The hook-up 
is as shown in A or B of Fig. 6. 
This will give practically the same 
results as the previous test and if 
the instruments are of the graphic 
type, a permanent record is obtained. 
It is not necessary to have a perma- 
nent record, however, and since ordi- 
nary measuring instruments are less 
expensive than graphic instruments 
they are more widely used. With 
this arrangement, the instantaneous 
readings of the meters are taken 
and the power factor is checked 
against the reading of the power fac- 
tor meter from the readings of the 
other three instruments, by the use 
of the following formulas: 

For single-phase circuits, Power 
factor—kw.—kva., or kw.—(voltsx< 
amp.X<1,000). For two-phase cir- 
cuits, Power factor—kw.— (volts 
amp. 1.411000). 
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Line A 
Scheme using single phase instruments. 


Readings of each phasé should be taken and 
the average of the three taken. 
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Scheme using a three-phase wattmeter 
and three-phase power factor meter. 
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Scheme using a three-phasé power 
factor meter. Current and yo/tage 
readings shovid be taken in each 
phase fo determine the average. 
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For three-phase circuits, Power 
factor=kw.-——(volts X amp. X 1.73 K 
1,000). 

A power factor meter is not es- 
sential unless it is desired for check- 
ing the accuracy of the results ob- 
tained from the readings of the other 
instruments. 

Another method involves the use 
of an ammeter, a voltmeter and a 
power factor meter, as shown in C 
of Fig. 6. Although this method 
does not check the kilowatt consump- 
tion, if the meters used are accurate 
the kilowatts can be found from the 
following formulas: 

For single-phase circuits, Kw.= 
(voltsXamp.xXpower factor) 1,000. 

For two-phase circuits, Kw.= 
(voltsXamp.x<power factorxX2)~— 
1,000. 

For three-phase circuits, Kw—= 
(voltsXamp.Xpower factorX1.73) ~ 
1,000. 

Some of the meters used in mak- 
ing these tests are shown in Figs. 
2 and 4. 


DATA OBTAINED FROM LOAD SURVEY 
OF AN INDUSTRIAL PLANT 


To get a better understanding of 
the usefulness of a load survey let 
us consider the case of an industrial 
plant having a connectedload of 
7,500 hp., made up of miscellaneous 
induction and synchronous motors of 
various sizes and speeds. These mo- 
tors are grouped under five depart- 
ments, each department supplied 
from a separate panel or group of 
panels, each panel being equipped 
with a circuit breaker and an amme- 
ter. A check of the various depart- 
ment loads shows ratings of 1,500, 
2,000, 900, 2,500 and 600 hp., re- 
spectively. This gives a total of 
7,500 hp. The average amperes, as 
shown by the panel ammeters, cor- 
responding to the above loads in 
their’ respective order are 1,200, 
1,500, 800, 2,200, and 500 amp. at 
550 volts. The loads in kilovolt- 
amperes for the respective depart- 
ments are then 1,143.12, 1,428.9, 
762.08, 2,195.72, and 476.3 kva., or 
a total of 6,006.12 kva. A totalizing 
wattmeter shows the average load to 
be 5,705 kw., so that the average sys- 
tem power factor is 5,705—6,006.12 
=0.95 or 95 per cent. When shown 
by vectors, the actual power in kw., 
the apparent power in kva., and the 
reactive kilovolt-amperes appear as 
in Fig. 5. 

In this plant the yearly power con- 
sumption as measured by the watt- 
hour meter is 31,000,000 kw.-hr. In- 
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asmuch as there are 8,760 hr. in a 
year, 31,000,000 — 8,760 —8,538.8 
average kw.-hr. per hour, or the 
average kilowatt load. The maxi- 
mum demand for the year as shown 






































Survey of Motor and Feeder 
Ampere Loads 
Rating |AVERAGE| Av. Loap 
DRIVE HP. Loap OF 
Amp. Group 
Amp. 
Lineshafting. .... 800 800 800° 
Lineshafting. .... 800 750 750 
Lineshafting. .... 250 265 265 
Elevator Legs.... 100 110 
Elevator Legs.... 100 90 375 
Elevator legs.... 100 95 
Elevator Legs.... 100 80 
Belt Conveyors. . 40 45 
Belt Conveyors. . 40 50 
Belt Conveyors. . 40 30 
Belt Conveyors. . 40 45 
Belt Conveyors. . 40 35 
Belt Conveyors. . 40 35 300 
Belt Conveyors. . 15 10 
Belt Conveyors. . 15 9 
Belt Conveyors. . 15 11 
Belt Conveyors. . 15 8 
Belt Conveyors. . 15 12 
Belt Conveyors. . 15 10 
eee 10 7 
ee See 10 7 
Cleaner......... 10 f 
ee eee 10 Z 
Oe eee 10 7 70 
Oe Se ee 10 7 
OS eee 10 7 
Cleaner......... 10 7 
NS eee 10 7 
Cleaner........; 10 7 
Miscellaneous... . 25 22 
Miscellaneous... . 25 26 
Miscellaneous... . 5 3 
Miscellaneous... . 5 3.5 
Miscellaneous... . 5 4 75 
Miscellaneous... . 10 12 
Miscellaneous... . 10 12 
Miscellaneous... . 7.5 6 
Miscellaneous... . 7.5 7 
Miscellaneous... . 20 15 
a ae re 2,635 
*Friction load =265 amp. 
Friction load =185 amp, 
tFriction load = 80 amp. 























by the power company’s demand me- 
ter is 6,000 kw. or 8,040 hp. 

The following factors show the 
condition of the load. The power 
factor of 95 per cent lagging is ex- 
ceedingly high. The demand factor, 
which is equal to the maximum de- 
mand divided by the connected load, 
or 8,040—7,500—107.2 per cent, is 
exceedingly high and shows that the 
motors are being utilized at more 
than their full rating at times. The 
average load is equal to 3,538 kw. or 
8,5381.34—4,740 hp. Therefore, 
the connected-load factor, which is 
the ratio of the average load to the 
connected load, is equal to 4,740 
7,500—63.2 per cent. The load fac- 
tor of this plant is the ratio of the 
average load to the maximum de- 
mand and is equal to 3,538.8-—6,000 
=58.8 per cent. These two factors, 
while not so high as they might be, 
are average and show that consider- 
able time is lost. These factors 
could be improved by increasing the 
kilowatt-hour power consumption, 
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which would also mean increased 
production. 

Let us consider another industrial 
plant that has a connected load of 
2,800 hp., the load having been built 
up by various stages with no record 
kept of the characteristics of the 
load. The motors are supplied from 
two 600-volt, 1,000-kva., three-phase 
alternators located in the plant and 
driven by steam engines. It is found 
that the generators heat up to such 
an extent with all the motors oper- 
ating that it is deemed necessary to 
install an additional alternator. 

From a survey of the load condi- 
tions in the plant, the data shown 
in the accompanying table were de- 
veloped. As can be seen from the 
table, power was distributed through 
seven feeder panels to motors which 
were served in the groups indicated 
in the table. On the three largest 
motors, the average load and friction 
load were measured by means of the 
ammeters on the feeder panels. In 
the case of the remaining motors the 
load on the individual motors was 
determined by connecting an amme- 
ter at the motor as shown in Fig. 
1, while the average load of the 
group was determined by the amme- 
ters on the feeder panels. 

In each case the load current of 
the individual motors was compared 
with the nameplate rating of the 
motor. Comparison of the friction 
load currents of the two 800-hp. mo- 
tors disclosed that one was over 40 
per cent larger than the other. In- 
vestigation showed that this was due 
to poor alignment of lineshafting 
and faulty bearings. 

The average load of the miscel- 
laneous group of motors is low in 
comparison with the capacity of the 
group of motors connected to this 
feeder panel, because all of them are 
not operating at the same time. 
Summing up the average current of 
each group of motors we arrive at 
a total of 2,635 amp. which repre- 
sents the average current of the sys- 
tem. Since the motor voltage is 550 
volts, the kilovolt-ampere load will 
be (2,635 & 550 X 1.73) ~ 1,000 = 
2,510 kva. b 

A wattmeter and a watt-hour me- 
ter were also connected in the sup- 
ply to the feeders so as to measure 
the total kilowatts and total kilo- 
watt-hours supplied to the system. 
The average of a large number of 
wattmeter readings was 1,728 kw. 
The maximum demand indicated by 
the wattmeter during a period of a 
week was 1,870 kw., while the watt- 
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hour meter showed a consumption of 
225,965 kw.-hr. Assuming this to 
be an average week, the yearly en- 
ergy consumption would be 52 225,- 
965—11,750,180 kw-hr. These data 
were then put in the form of the ac- 
companying report: 

(1) Total annual power consumption 
—11,750,180 kw.-hr. 

‘(2) Total number hours per day— 
8,760. 

(3) Average kilowatt-hour consump- 
tion equals Item (1) divided by Item 
(2) equals 1,341 kw.-hr. per hr. 

(4) Maximum demand—1,870 kw. 

(5) Generator capacity—2,000 kw. 

(6) Connected load—2,800 hp. or 
2,089 kw. 

(7) Average kilowatt load—1,728 kw. 

(8) Average kilovolt-ampere load— 
2,510 kva. 

Power factor equals Item (7) divided 
by Item (8) equals 68.8 per cent. 

Load factor equals Item (3) divided 
by Item (4) equals 71.7 per cent. 

Connected-load factor equals Item 
(3) divided. by Item (6) equals 64.3 
per cent. 

Plant factor equals Item (3) divided 
by Item (5) equals 67 per cent. 

Demand factor equals Item (4) di- 
vided by Item (6) equals 89.5 per cent. 

The above report shows that with 
the exception of the power factor, 
which was exceedingly low, the vari- 
ous factors were a good average. It 
was recommended that the power 
factor of the system be raised to at 
least 90 per cent lagging so as to 
bring the kilovolt-ampere load within 
the rating of the generator. Three 
methods of doing this were pre- 
sented. 

The first method was to install 
static condensers; the second was to 
install a synchronous motor for 
power factor correction only; the 
third was to scrap one of the 800- 
hp. slip-ring induction motors and 
replace it with a synchronous motor. 

The first two methods were turned 
down in favor of the third, which 
was thought to be the best. Details 
of the second and third methods are 


shown in Figs. 7 and 8. 





- + -+/726 kva, 
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Figs. 7 and 8. Graphs that show 
how replacing a wound-rotor induc- 
tion motor with a synchronous mo- 
tor eliminated the need of more 
generator capacity. 


In Fig. 7, AO represents the orig- 
inal load kva. at 70.7 per cent power 
factor. CO represents the result of 
using a synchronous condenser to 
raise the power factor to 90 per cent. 
After eliminating one of the wound- 
rotor motors, the load condition was 
as shown at AO of Fig. 8 This 
motor was replaced with a syn- 
chronous motor of capacity equal to 
CA. It pulled a power load of AB 
and supplied reactive kva. of lead- 
ing power factor equal to BC, which 
waa in the system load shown 
a i 





Fig. 7 shows the original load con- 
ditions of 2,510 kva. at 68.8 per 
cent power factor, as represented by 
the line AO. The true power com- 
ponent of 1,728 kw. is represented by 
the distance AD and the reactive 
component of 1,820 kva. by the dis- 
tance BE. 

The smallest synchronous conden- 
ser that would raise the power fac- 
tor from 68.8 to 90 per cent is shown 
by the line AC, which represents 
961 kva. This condenser when oper- 
ated at approximately zero leading 
power factor would supply a leading 
reactive component of 960 kva. AB 
represents the losses in the con- 
denser which amount to 50 kw. 

This would increase the true 
power to 1,778 kw. and would reduce 
the total kilovolt-amperes required 
by the system from 2,510 to 1,975 
kva. thereby just getting within the 
2,000-kva. rating of the generators. 
However, it would mean adding a 
961- or 1,000-kva. condenser to the 
system. 

Instead of using a synchronous 
condenser for power factor correc- 
tion the synchronous machine might 
be run as an over-excited motor and 
substituted for one of the 800-hp. 
slip-ring induction motors. This 
would give us the benefit of the 
higher efficiency of the- synchronous 
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motor (93 per cent as compared with 
89 per cent for the induction mo- 
tor) as well as not increasing the 
number of motors that would have 
to be maintained. This plan was 
adopted and the resulting conditions 
are shown in Fig. 8. 

Since the 800-hp. slip-ring induc- 
tion motors have an efficiency of 89 
per cent, removing one of them re- 
duced the load by (800746)~— 
(0.891,000)—670 kw. Therefore 
the remaining load is 1,728 kw.— 
670 kw.=—1,058 kw., or AD in Fig. 8. 
The kilovolt-ampere load. of the slip- 
ring induction motor as determined 
by test was (800550X1.732)~— 
1,000—762 kva. Hence in removing 
this motor the total kilovolt-ampere 
load would be reduced, 2,510—762— 
1,748 kva. as is represented by AO 
in Fig. 8. This load has a power 
factor of 60.5 per cent, for 1,058— 
1,748—0.605, or 60.5 per cent. 

The efficiency of a synchronous 
motor is somewhat higher than that 
of a slip-ring motor and for practical 
purposes may be figured as 93 per 
cent. Hence if a synchronous motor 
is substituted for the 800-hp., slip- 
ring motor, the kilowatt input to 
the synchronous motor will be 
(800746) — (0.93 1,000)—642 kw. 
This added to the 1,058 kw. load re- 
maining gives a total of 1,700 kw. 
which is the total kilowatt or true 
power required if a synchronous 
motor is substituted for the slip- 
ring induction motor. In Fig. 8 AD 
represents the kilowatt load after 
removing the slip-ring motor; AB 
is the kilowatt input to the syn- 
chronous motor; and BD is the total 
kilowatt input or true power re- 
quired by the system. The distance 
AE in Fig. 8 represents the reactive 
kilovolt-amperes taken by the 1,748- 
kva. load at 60.5 per cent power 
factor. This is equal to 1,393 kva. 
BF is drawn at right angles to AB 
from point B and also represents 
the reactive kilovolt-amperes shown 
at AE. 

If the synchronous motor were 
operated at unity power factor, its 
capacity would only need be large 
enough to take care of the 642-kw. 
load represented by AB. In this 
case the total plant kilovolt-ampere 
load would be equal to BO. Scaling 
this and checking it against the 
power factor scale we find that BO 
equals 2,200 kva. at 77.2 per cent 
power factor. Since the generators 
are rated at 2,000 kva. it is neces- . 
sary to over-excite the synchronous 
(Please turn to page 387) 
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Some Practical 
Details of the 


DANGER OF FIRE is ever present in a woodworking 
plant. Not only must special provisions be made to prevent 
the accumulation of waste that might be easily ignited, but 
particular attention must also be paid to the electrical and 
power service systems to eliminate all possible causes of fire 
from these sources. In this article, Mr. Westbrook tells how 
the power drive system for a furniture factory was planned 
so as to insure convenient and economical operation, as well 
as provide safety to workmen from fire and accidents. 
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Power Service Layout 
For a Woodworking Plant 


Including the Features of the Electrical Distribu- 
tion System, Together with the Types of Motors, 
Control and Drives That Were Used 


By FRANCIS A. WESTBROOK 
Consulting Engineer, New Canaan, Conn. 


N A woodworking plant the great 
] danger is the fire hazard. For 
this reason the use of the proper 
kind of motor and a carefully in- 
stalled wiring system are of prime 
importance. The principles govern- 


ing the method of meeting this con- 
dition in a woodworking plant are, 
of course, applicable in many other 
cases where a dangerous fire hazard 
Special consideration was 


exists. 


given this factor in planning the 
electrical distribution and power 
drive system for the new factory of 
Albano & Company, of New York 
City, manufacturers of high-grade 
furniture. The practice of placing 
all wires in conduit, even to the ex- 
tent of using flexible conduit for 
motor leads, was followed through- 
out this plant. This feature and the 
use of enclosed-type, safety, motor 
disconnecting switches and squirrel- 
cage induction motors have reduced 
the fire risk from electrical causes 
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Fig. 1—Convenient location of the 
control switch is an important fac- 
tor in any motor installation. 


In the center is a double variety 
machine or molder. The motor used 
for driving this machine has the 
shaft extended on both ends, which 
is fitted with two pulleys so as to 
drive each spindle with a separate 
belt. At the left and at the right 
are single variety machines. In the 
center background is a_ grinder. | 
Note that in each installation the 
control switch is within convenient 
reach of the right hand of the oper- 
ator as he stands at his work. 





to a minimum—one might almost 
say they eliminated it. 

In a plant of this kind variable- 
speed motors are not required. Con- 
sequently, squirrel-cage motors may 
be used throughout and in this in- 
stance they are all 1,800 r.p.m. There 
are, in all 35 motors of various sizes 
as shown in the accompanying table. 
All are designed for 220-volt, three- 
phase, 60-cycle service. 

The kind of building in which a 
power distribution system for such 
a group of motors is installed has 
more to do with the methods of in- 
stalling conduits and panel boxes 
than is perhaps generally recognized. 
In this case, the new home of 
Albano & Company is a very sub- 
stantial brick building but of an old 
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type with wood floors, except the 
ground floor, which is concrete. 
There are five floors. The first 
(ground floor) and third are used 
for woodworking machinery, the sec- 
ond for storage and the fourth and 
fifth for upholstering and other 
hand work. 

Under these conditions, the sim- 
plest method of installing conduit is 
to mount the panel box in a central 
location on the floor below that 
where the machines to be served are 
located. The conduits are then run 
on the ceiling of this lower floor 
from the panel box to a point di- 
rectly under the control apparatus 
they are to supply with power, and 
pass up through the floor. Although 
it may at first thought appear that it 
would be inconvenient to have to run 
downstairs to replace fuses, this con- 
tingency should occur so rarely in a 
properly planned distribution sys- 
tem with conductors of adequate ca- 
pacity, that it would not control the 
location of the panel boxes. More- 
over, the fuses most likely to blow 
are those located at the motor start- 
ing switch and in each case these are 
located at the machine. The panel 
boxes and feeder lines for machines 
on the first (ground) and third 
floors are located in the basement 
and on the second floor respectively. 

Obviously this method of installa- 
tion is very simple, convenient and 
economical for these conditions, but 
it would be unsatisfactory if the 
floors were wet, especially if they 
were of wood, as in a laundry. In 
fact, ordinary wood floors would be 
out of the question in a laundry, but 
there are other processes which re- 
sult in wet floors where moisture 
gets into the conduits and causes 
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Size and Number of Motors with Method of Drive Used 
in Woodworking Plant* 
Loca- | No. or | Hp. or 
NaME OF MACHINE TION, |Morors| Moron} R.P.M ContTROL Drive 

FLoor 
Blower for exhaust system. .. 2 1 30 1,800 Compensator Belt 
Buss planer...............- Z 1 10 1,800 Compensator Direct 
MIS ay crak i cere ss < osted ere 3 1 1.5 1,800 Starting Switch Belt 
PR oss og Fie tec 1 6 3 1,800 Starting Switch Belt 
Horizontal borer............ 3 2 2.5 1,800 Starting Switch Belt 
Vertical borer. ............. 3 1 2.5 1,800 Starting Switch Belt 
PIWEREP OUND 2 So os coe cee os 3 3 3 1,800 Starting Switch Direct 
CO Oe ere Per 1 2 3 1,800 Starting Switch Belt 
Double variety machine ..... 3 1 7 1,800 Compensator Belt 
Single variety machine...... 3 1 5 1,800 Starting Switch Belt 
OO ee ree 3 1 3 1,800 Starting Switch Belt 
RAMON aio a Geis. 5. «Bead She hos 3 3 3 1,800 Starting Switch Belt 
Single variety machine...... 3 1 3 1,800 Starting Switch Belt 
Fan for drying room........ 3 1 3 1,800 Starting Switch Belt 
Box shaper. ..............- 3 1 3 1,800 Starting Switch Belt 
Lo Say gael gn Gobpebesctr acted 1 3 3 1,800 Starting Switch. Belt 
ee ay CS rae 3 2 15 1,800 Starting Switch Belt. 
Emery grinder............. 3 1 1.5 1,800 Starting Switch Direct 
Belt sander...............-. 3 2 2 1,800 Starting Switch Belt 
ee Pane eee 3 1 2 1,800 Starting Switch Direct 
*All of the motors listed here are squirrel-cage type. 

















trouble in cases where the latter has 
been installed in this way. 
Three-phase, 60-cycle, 220-volt 
power is delivered to the service en- 
trance in the basement as shown in 
Fig. 2. As can be seen at the lower 





Fig. 2—Power service is brought 
into the basement of the building at 
this point. 

The lower cable at the right fur- 
nishes the 220-volt, three-phase 
power supply. while the cable above 
it is the lighting supply. The cir- 
cuits are carried to the left through 
the current transformers (for the 
two meters above), after which the 
power circuit goes to the main 
power panel shown at the left. The 
lighting current is fed directly from 
the current transformers to the 
lighting panels on the different 
floors. From the main power panel 
shown at the left, power is fed 
through the 100-amp. fuse gaps at 
the left center of the panel to the 
elevator motor. The 400-amp. fuse 
gaps at the bottom of the panel sup- 
ply. the two power distribution 


panels—one of which is located in 
the basement and the other on the 
second floor. 





right of this illustration, the power 
goes through a disconnecting switch, 
and then through two 500-amp. cur- 
rent transformers (for metering) to 
the power panel shown at the left of 
Fig. 2. At the bottom of this pane! 
is the 600-amp. service switch. 
Through the three 400-amp. fuses at 
the bottom of this panel, power is 
taken to two distribution panels, one 
in the basement and one on the sec- 
ond floor. 

The power distribution panels are 
of the polarized type. The panel in 
the basement has a capacity of 12 
circuits with eight 30-amp. and four 
60-amp. gaps. Cables enter it from 
the main power panel, shown in 
Fig. 2, in two 2-in. conduits and 
there are three l-in. and one %-in. 
conduits leaving it for distribution 
to the 12 machines on the floor 
above. The method of delivering the 
power to the individual motors on 
the first floor can be seen in 
Figs. 4 and 6. 

The panel box on the third floor is 
fed through two 2-in. conduits com- 
ing from the panel box in the base- 
ment, the feeder passing through the 
latter box. Distribution to the 23 
machines on the floor above is 
through five l-in., three 1%4-in. and 
one %-in. conduits as shown in 
Fig. 3. 

It is evident that, in some in- 
stances, there is more than one cir- 
cuit per conduit leaving the panel 
boxes. At certain points there are 
pull boxes from which separate con- 
duits radiate to locations under their 
respective machines at which point 
the conduits pass up through the 
floor. In some cases it was conven- 











318 







ient to locate these pull boxes above 
the floor, as shown in Fig. 5. 

Fig. 3 shows the conduit and 
motor layout for the third floor. 
Some of the machines on this floor 
are shown in Figs. 1, 5 and 7. 

As has been said before, all of the 
motors are squirrel-cage induction 
motors. This simplified the question 
of control, not only because the mo- 
tors are small but also because there 
is no necessity of speed variation. 
Furthermore, the class of labor 
which operates the machinery is 
mechanically skilled and intelligent 
—a very different condition from 
that which exists in a laundry, for 
instance. Reference to the accom- 
panying table will show that com- 
pensators are used for controlling 
all motors larger than 5 hp. A 
typical compensator installation is 
shown in Fig. 6. Power is delivered 
from the distribution panel in the 
basement to the safety switch 
mounted above the compensator. 
This safety switch is used for iso- 
lating the motor and compensator 
from the power supply when doing 
maintenance or repair work. 

For motors smaller than 5 hp. a 
manually-operated motor starting 
switch is used. These switches start 
the motor across the line with the 
fuses cut out of the circuit. As the 
motor comes up to normal speed the 
switch is thrown to the running posi- 
tion, which cuts the fuses back into 
the circuit. Needless to say, these 
motor starting switches are of the 
safety type, being totally enclosed in 
sheet metal boxes. Typical installa- 


tions of these starters are shown in 
Fig. 1. 


Wherever it was possible 
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Fig. 3—Motor and conduit layout 
for the third floor. 


A panel box was located on the sec- 
ond floor from which conduit was 
run on the ceiling of the second floor 
to points immediately under the lo- 
cations of the third-floor motors. 
Conduit was then taken through the 
floor to the motor directly above it. 
This made a very: simple and eco- 
nomical installation. 





and convenient, the safety switches, 
compensators and motor starting 
switches were attached to the build- 
ing columns, as shown in Fig. 4. 
Convenience of control was the 
first consideration in each case, 
however, so that in many instances 
the control was mounted on pipe 
standards convenient to the machine 
operator’s hand, as shown in Fig. 1. 
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The three swing saws, one rip saw, 
the emery grinder and the Buss 
planer are directly connected to the 
motors. In these instances the mo- 
tors are mounted on the machines 
that they drive. All of the other ma- 
chines are belt driven. The belted 
motors on the first floor are mounted 
directly on the concrete floor. Since 
the upper floors are of wood, the mo- 
tors on the second and third floors 
are provided with drip pans under 
them so as to reduce the fire hazard 
from oil-soaked wooden floors. The 
method of installing the drip pans 
can be seen in Fig. 5. All of the 
motors were provided with conduit 
fittings which were connected by 
means of flexible conduit to the rigid 
conduit running from the control to 





Fig. 4—Belt drives are used in the 
majority of cases in this shop. 

In the right foreground is a jointer 
with its motor on the floor and 
control switch on the building col- 
umn. Note how the motor leads enter 
the motor casing through flexible 
Greenfield conduit, so as to avoid all 
exposed terminals and to make a 
flexible connection between the rigid 
conduit and the motor so that it 
may be shifted on its slide rails in 
order to tighten the belt. In the 
left foreground are two saw tables. 
The control switches are mounted 
on stanchions. The conduits coming 
from the panel box in the basement 
may be seen coming up through the 
floor. The conduit from the switch 
to the motor is laid on top of the 
floor. To the right and at the rear, 
mounted on a column, will be seen 
the compensator and switch for the 
large exhaust fan located on the 
floor above. As that floor is used 
for storage purposes only, it saves 
much running back and forth to 
have this control “erates on the 
ground floor where there are work- 
men all the time. There is an addi- 
tional switch at the blower for the 
protection of men who maintain it. 
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a point near the motor, as shown in 
Figs. 4 and 5. This method of in- 
stallation not only avoided all ex- 
posed terminals and wires but also 
provided a flexible connection be- 
tween the motors and rigid conduit 
so that the motor can easily be 
moved on its slide rails. 

All belts and every other moving 
part, in so far as possible, are com- 
pletely enclosed, thereby reducing 





Fig. 6—Motor and control arrange- 
ment for Buss planer drive. 


The belt on the left operates the 
feed mechanism; the motor is cou- 
pled directly to the machine. Nor- 
mally, all belts and other moving 
parts are completely boxed in. This 
protection was temporarily removed 
while the pictures were being 


taken. The compensator, with push 
button stop, and enclosed-type dis- 
connecting switch are shown to the 
right of the machine, in a conven- 
operator. 


ient location for the 





the liability of accidents. These en- 
closures are boxes which may be 
readily disassembled for repair and 
maintenance work. As the foreman 
said, almost all of the old wood- 
workers have missing fingers or 
parts of fingers, but all of the young 
men are without these disfigure- 
ments, because of the great and ef- 
fective precautions which are taken 
against accidents in modern plants. 
In fact, no accidents of any conse- 
quence have occurred since these 
enclosing guards were installed. 
The exhaust system for carrying 
off sawdust and accumulations of 
dirt is very comprehensive, and is an 
important factor in reducing fire, 
health and accident hazards. The 
machines are equipped” with hoods 
or other suction devices, as shown in 
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Fig. 5—Provision was made to take 
care of the wood waste by means 
of an exhauster system. 


At the right are two belt sanders. 
As can be seen, one end of each is 
enclosed and connected to an ex- 
haust pipe. Sawdust and other wood 
waste coming from these machines 
is sucked to a central depository. 
In this way much of the dust and 
dirt that would otherwise get into 
the motors is removed. On the left 
is a jigsaw with its control switch 
mounted on stanchions under the 
saw table. In the center back- 
ground is a two-spindle horizontal 
drill with its control switch and mo- 
tor. Notice how the motor belt on 
this drive, as well as those on the 
two belt sanders, is enclosed. At 
the extreme right between the floor 
and control switch of one of the 
belt sanders is one of the pull boxes 
shown in Fig. 3. Notice the drip 
pans placed under the belt sander 
motors to keep oil off the floor. 





Figs. 1 and 5. Also there are open- 
ings in a large suction pipe on each 
floor into which sweepings may be 
pushed without the necessity of car- 
rying them away. One of these 
may be seen in Fig. 7. This is also 
of decided benefit from the stand- 
point of motor maintenance, as it 
reduces the amount of foreign mate- 
rial that might get into the motors. 
Epitor’s NoTe: Special acknowl- 
edgment is made to MacNutt, Watts 
and Tankard, Electrical Engineers and 
Contractors, New York, N. Y., for the 
illustrations used in this article. 





Fig. 7—Floor space requirements 
caused the motor driving this ma- 
chine to be mounted on the ceiling. 


This machine has a vertical drive 
shaft and as it covers consider- 
able floor space which must be free 
for the operator to walk around in, 
the best place for the motor is on 
the ceiling where it, with its belt, 
is out of the way. The vertical 
shaft in the foreground at the right 
is driven by a twisted belt from the 
motor at the left. From this ver- 
tical shaft smaller belts go directly 
to each carving tool on the machine. 
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Some Things It Pays 
To Know A bout 


Removing Dust Produced 


in Industrial Plants 


Including Equipment and Methods Used, With a 
Discussion of the Effects of Dust on Men and 
Machines and Its Relation to Fire Hazards 


By CHARLES L. HUBBARD 


Mechanical Engineer, Boston, Mass. 


UST exists practically every- 
ID where and is produced to 

some extent in practically all 
industrial processes. Its removal is 
accomplished by methods and means 
similar to those described in connec- 
tion with the article, “Removing 
Obnoxious Fumes, Gases and Va- 
pors,” which appeared in the June 
issue of INDUSTRIAL ENGINEER. 

The fact that dust, even the heav- 
ier particles, will remain suspended 
for a time in the air is employed in 
removing it on the same principles 
as are used in removing gases, 
fumes and vapors. With the hea- 
vier dust, however, the problem of 
keeping it suspended is more diffi- 
cult. Also it is generally desirable to 


remove the dust from the air before 
discharging into the atmosphere. 
Dust is produced in an almost 
endless variety of ways and is often 
spoken of as man’s worst enemy. It 
causes sickness and death, is re- 
sponsible for fires and explosions, 


Here industrial sweeping units are used to 
clean up the floor and the side walls. 
Solid material is separated in the cylin- 
drical tank and does not go through the 
multi-stage exhauster driven by the motor. 











DUST REMOVAL problems in in- 
dustrial plants are, like those con- 
nected with the removal of gases, 
fumes and vapors, solved by carry- 
ing the objectionable material along 
on a current of air. Some of the 
hazards, as well as the inconven- 
iences, of atmospheric and indus- 
trial dust are taken up _ here, 
together with the equipment for 
handling it. Methods of removing 
the dust from the air current before 
discharging it into the atmosphere 
will be discussed in an article in a 
later issue. 




















injures machinery and manufactured 
products, damages both interior and 
exterior surfaces and, in the aggre- 
gate, causes the loss of millions of 
dollars annually. 

There are many different kinds of 
dust, coming from the mineral, veg- 
etable and animal kingdoms. That 
contained in the outside air, which 
is usually called atmospheric dust, is 
made up of a mixture of various or- 
ganic and inorganic substances, such 
as coal, cinders, ashes, sand, loam, 
vegetable and animal fibers, animal 
tissue, bacteria and so on. 

As a rough approximation, we 
may assume that one hundred- 
millionth of the volume of the air in 
the vicinity of the average power 
house consists of dust and other for- 
eign particles. While this propor- 
tion of dust may seem negligible, 
and is, in fact, not so great as-is 
often found, it means that the venti- 
lating air passed through a large 
generator in 24 hr. will contain 
nearly 1 cu. ft. of solid matter. 
Some of this, if left in the air, would 
naturally be deposited upon the 
winding and later cause trouble. 

Another interesting example of 
the amount of dust in the air is in 
connection with the air brought in 





July, 1925 


for the ventilation of a large city 
school building where the outside 
conditions were such as to indicate 
an average atmospheric purity much 
above that which would ordinarily 
be found around industrial plants. 
Tests by means of an air filter 
showed that 50 lb. of dry dust were 
brought in with the air during each 
6-hr. session of thé school day. If 
this 50 Ib. or more ef dust is taken 
into the schoolroom or plant daily 
much of it is deposited on floors, 
walls, ceilings and on the top of 
equipment or projecting ledges. 
Some of the dust, of course, is car- 
ried out again as the air leaves the 
room or plant; that which remains 
must be cleaned up or removed 
periodically. The expense of this 
cleaning is of considerable impor- 
tance. 

That portion of the dust which 
settles on lighting units and any 
white walls or ceilings materially re- 
duces the illumination of the plant. 
To overcome this requires periodic 
cleaning of lighting units and re- 
flectors and repainting of surfaces. 
In addition to the dust ordinarily 
found in the atmosphere and which 
may be brought into the plant 
through an unprotected ventilating 
system, many industrial processes 
create dust. It is produced in an 
endless variety of ways, as in grind- 
ing and polishing, stone cutting, 
sandblasting operations, shoe 
manufacturing, woodworking, clean- 
ing castings in foundries, the 
operation of pickers in textile mills 
and in many other operations or 
processes. Dust is also produced in 
great quantities in the manufacture 
of flour, sugar, starch, cement and 
in the crushing or handling of coal 
and other products. The lint of tex- 
tile mills is also a form of dust 
which must be contended with. 


SOME OF THE EFFECTS OF DUST 
IN INDUSTRY 


While many kinds of dust found 


in the air are practically harmless 
in themselves, they serve as a means 
of transmission for various germs. 
Therefore, the first, and most im- 
portant, step in the elimination of 
disease germs from an_ industrial 
establishment is that of clearing the 
air supply of all foreign substances. 

The effect of dust upon health de- 
pends largely upon local conditions, 
such as its composition, concentra- 
tion and the period of exposure. 
While a moderate amount of dust 
such as is commonly found in wood- 
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working shops, shoe factories, foun- 
dries, and so on, is simply irritating 
to the respiratory passages, it often 
tends to bring on inflamed and in- 
fected conditions of the nasal pass- 
ages which make a person especially 
liable to colds and other acute dis- 
eases of this class. 

Metallic and mineral dust, which 
comes from the grinding and polish- 
ing of metals, stone cutting, sand- 
blasting, and so on, is more harm- 
ful, as continued breathing of air 
loaded with these substances causes 
the heavy particles to accumulate in 
the lungs; “stone-cutters consump- 
tion” is a well-known malady among 
persons engaged in this occupation. 
Breathing the dust of poisonous sub- 
stances like lead, is more rapid in its 
effects and is similar to the inhala- 
tion of a poisonous gas. 

Some dusts are both inflammable 
and explosive. The fire hazard is in- 
creased in textile mills by the ac- 
cumulation of lint around shafting 
and bearings. Fires have been 
traced to hot bearings which ignited 
the lint or dust around them. Also, 
if the shaft or bearing is overhead, 
oil-soaked lint may fall on the work 
in process and at least seriously de- 
preciate its value if not make it en- 
tirely worthless. One of the big 
problems of textile mills is to re- 
move this lint from the walls and 
ceilings of the rooms. It is also 
necessary to clean the lint off the 
machines themselves at frequent in- 
tervals to keep them in running 
order. Much the same condition 
occurs in woodworking and other 
shops where a bulky dust takes the 
place of lint. 
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In direct line with this is the 
danger of explosion where the na- 
ture of the process carried on is 
such as to fill the air with a fine 
carbonaceous dust, as in connection 
with the manufacture of wood prod- 
ucts, charcoal, celluloid and soon. An 
example of the great danger which 
may be brought about in this way is 
the explosion which occurred in the 
Chicago and Northwestern grain 
elevator in Chicago in 1921, where 
the damage to property and loss of 
grain was estimated at $3,750,000. 

Dust explosions in coal mines are 
also common. A similar hazard ex- 
ists in connection with the pulveriz- 
ing and handling of powdered coal 
in power plants, cement mills and 
other industries. The pulverizing 
of aluminum and hard rubber also 
create explosive hazards. Starch 
and flour mills have likewise been 
destroyed by explosions. About a 
year and a half ago, 42 men lost 
their lives in an explosion in a 
starch factory, which was attributed 
to a hot bearing in a screw conveyor. 

In most industries, however, the 
explosion hazard is negligible, al- 
though some of them, such as wood- 
working and others have a fire haz- 
ard. The more common dust removal 
problem is in connection with pre- 
venting dust from interfering with 
the machines, in keeping the plant 
clean and in providing clean air for 
a process or for the comfort, con- 
venience and health of the workers. 

Injury to machinery is produced 
principally by dust of a gritty nature 
which enters the bearings. This 
condition may be brought about by 
dust produced by the process or 








Relief 
valve 








Another type of exhausting equipment 
for pneumatic sweeping system. 


In this case the exhauster is of the ro- 
tary instead of the multi-stage turbine 
iy type, as is the case in the other illus- 
tration of such a sweeper in this article. 
Various types of dust separators may be 
used in connection with these pneumatic 
sweeping 
will be discussed in a later article. 





Exhaust to atmosphere 


equipments, some of which 
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Two examples of a sweeping oper- 
ation in a rubber plant. 


These sections of vacuum units are 
connected to filters and an exhaust 
sweeping unit similar to that below. 
Some industrial processes produce a 
fine dust. If this were swept up by 
a broom the dust would simply be 
raised and much of it settle again. 
By the method shown here, it can 
be easily removed not only from the 
floor but from hoods, walls and 
other places. Vacuum cleaning is 
practically the only method of 
sweeping which will not raise a 
dust. In some industries and plants 
the sweepings which are gathered 
up in this way can be worked over 
again when removed by the filters. 





from the use of unfiltered outside 
air as in the ventilation of generat- 
ors and transformers. An important 
matter sometimes overlooked is that 
of filtering the air supplied to com- 
pressors and internal combustion 
engines, when it contains gritty par- 
_ ticles which will score the cylinders. 

Damage to goods in process of 
manufacture may occur in various 
ways, either from dust produced in 
the building itself or from that 
brought in from outside. This is il- 
lustrated in plants making fine silk 
or paper goods, where dust and dirty 
lint must be kept away from the man- 
ufactured product in its different 
stages. Other cases where dust must 
be removed from the entering air 
are in the manufacture and drying 
of food products, photographic films, 
prepared papers, chemicals, and so 
on. As previously stated, bacteria 
are commonly carried upon particles 
of dust. These organisms thrive 
upon gelatin, glue and certain food 
products, such as butter, milk and 
cheese, so that dust not only has a 
direct effect upon the quality when 
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coming in contact with these sub- 
stances, but may infect them as well. 


METHODS OF COLLECTING AND 
REMOVING DUST 


The operations of collecting, re- 
moving and disposing of both atmos- 
pheric and process-created dust are 
so closely related that they will be 
discussed together here. The prob- 
lem of the disposal of dust after it 
has been collected must be carefully 
considered, as in many localities the 
free discharge of dust-laden air, 
outbound, will prove a nuisance to 
neighboring buildings and other 
property and often is not permitted. 

The dust from cement kilns, flour 
mills, grinding and polishing ma- 
chinery, sandblasting operations and 
so on, are illustrations of this. In 
certain manufacturing plants, it is 
not only desirable to collect and re- 





move the dust for reasons already 
mentioned, but also for the purpose 
of reclaiming various waste sub- 
stances which it contains. This is 
notably the case in gold- and silver- 
working establishments, where all 
sweepings and refuse from polishing 
machines must be carefully col- 
lected and treated. In other cases the 
precipitation of dust from heavy 
fumes or smoke is practiced at a 
profit. Most types of dust, however, 
have no value. 

The removal of dust may be 
classed under four general heads, as 
follows (a) Removal as it is pro- 
duced at the source. (6b) Removal 
after mixing with the air of the room. 
(c) Removal after it has settled up- 
on the walls, floor and other objects. 
(d) Removal from outside air sup- 
plied to the building and from that 
exhausted from it. 

The methods and equipment for 
removing dust as it is produced at 
the source or after it becomes dif- 
fused in the room are quite similar 
to those used for removing fumes, 
gases and vapors as described in the 
previous article. The main difference 
is that because dusts are heavier 
they require a higher velocity of air 





This heavy-duty stationary sweep- 
ing system unit was installed in 
the Cleveland, Ohio, plant of the 
Willard Storage Battery Co. 


The dust and dirt are dumped auto- 
matically from the separating 
tanks Nos. 1 and 2 through chutes 
to bins located on the floor below. 
This apparatus is installed on the 
roof of the building in a special 
house built for this purpose. For 
this reason all of the dust and dirt 
must be drawn upward through 
vertical pipes such as are shown at 
the right, which go down to the 
floors where the sweeping is to be 
done. Men with hose lines and 
special sweeping units do _ the 
sweeping. Before the dirt passes 
through the multi-stage turbine ex- 
hauster it passes through the two 
separating tanks or filters. 
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to keep the particles suspended in 
the air and carry them away. Also, 
as previously mentioned, it is seldom 
possible to exhaust dusts into the 
open. This requires the addition of 
extra equipment to separate the dust 
from the air before it is exhausted, 
which, in turn, increases the head or 
pressure against which the exhaust 
fan works and so requires more 
power to operate than a similar sys- 
tem exhausting the same quantity of 
air containing fumes or gases di- 
rectly into the atmosphere. 

In the case of grinding and buf- 
fing, the wheels are surrounded with 
a hood, which is connected with the 
exhaust line and has just enough of 
the circumference of the casing cut 
away to reach the wheel easily for 
the work to be done. Other machines 
of various kinds are provided with 
similar hoods for carrying away the 
dust and fine refuse produced while 
in operation. The suction required 
will depend upon the nature of the 
dust, as to fineness, weight, and so 


on, and commonly runs from 2 to 5 
in. of water column. Some states 
have factory inspection regulations 
which specify the suction to be 
maintained when exhausting differ- 
ent substances. The shape of the 
hood in all cases depends upon the 
machine and the requirements of 
operation. Tables I and II on 
page 355 give dimensions of ex- 
haust pipes leading off from various 
machines. 

It is desirable to keep the pipe as 
straight as possible, as bends or 
elbows increase the amount of power 
required to pull the air through 
them and still maintain the required 
suction and velocity. An elbow 
should have a center-line radius of 
1% to 2 times the diameter of the 
pipe. The resistance of this, how- 
ever, is equal to a length of pipe ten 
times the diameter. Losses in pipes 
depend upon the size, length, veloc- 
ity, and other factors. Most com- 
panies providing this type of equip- 
ment will supply tables for determin- 
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One type of ventilating arrange- 
ment for a sandblasting room. 


Here the work to be sandblasted is 
placed on the grating. <A suction 
through the metal hood above the 
work draws the dust away from the 
operator. The hood is open around 
the edge only to give a higher ve- 
locity of the entering air and there- 
fore a greater suction. This method 
is also used in withdrawing gases 
and fumes. In some cases a suction 
is placed under the grating in the 
bench top also. Fresh air enters 
from the opposite side of the room. 





ing the requirements of a particular 
installation or will give advice and 
consultation on the problems in- 
volved. 

Another factor to be remembered 
is that the volume of air delivered 
by a fan varies directly as the speed, 
while the air pressure created 
changes in proportion to the square 
of the number of revolutions and 
the power required to drive the fan 
varies as the cube of the speed. In 
other words, doubling the speed of 
the fan doubles the volume deliv- 
ered (which is the measure of the 
capacity), increases the air pressure 
created to four times (the square) 
that previously existing, and in-. 
creases the power required to eight 
times (the cube) what it was at the 
original speed. These are factors 
which are often overlooked in an in- 
stallation, particularly when the 
question arises of increasing its ca- 
pacity or adding additional connec- 
tions to machines. These points 
should be kept in mind when plan- 
ning for an installation, because a 
unit to be operated at full-load ca- 
pacity saves on the original cost but 
has a high cost of operation. On 
the other hand, an oversize fan costs 
more in the first place but has a 








each serving 14 machines. 
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entering it up to that point. 


A dust collecting system with two fans 
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How Dust Is Removed in Industrial Plants 
Equipment and Methods That Have Wide A pplication 








A—Here the exhaust main is placed between the 
rows of machines with small lead-off pipes from 
each machine. In some cases the exhaust main 
runs along on the ceiling of the floor below to 
save floor space. 

B-—Hoods, fitting closely around the machines, 
remove the cast-iron dust in the flywheel depart- 
ment of an automobile factory. 

C—A propeller fan in the wall is used to remove 
the dust which arises when cleaning mattresses 
in a bedding factory. 

D-—All suction pipes, particularly connections 
from individual machines, should be provided 
with cut-off blast .gates, similar to that shown 
in the outlet of a blower. 

E-—-Here a propeller fan in a special hood is used 
to remove the fine dust caused when resurfac- 
ing paint grinding stones. 

F and G—tThis portable electric tool for cleaning 
electrical and other machinery may be used as 
a blower F or as a vacuum cleaner G. 


H—Another type of portable suction sweeping 
equipment used in cleaning telephone equip- 
ment. This is driven by a motor which gets 
its power from a lamp socket. 

I—This vacuum sweeper is connected to heavy- 
duty equipment through pipes and hose. It is 
used here to gather up coal and dust from the 
floor in a power plant. 

J—Propeller fans inserted in the windows are used 
here for general ventilation in a sandblasting 
room. 

K—Hoods, such as one shown raised on the first 
machine, are placed over each machine to catch 
any lint which may be loosened. A blast gate in 
the pipe just above the hood enables each ma- 
chine to be cut off when idle and so save on 
power used. 


/ 
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lower operating cost. Also, addi- 
tional units may be added without 
causing a prohibitive overload. 

Cutting off connections reduces 
the power required to operate, pro- 
viding these unused inlets are tight- 
ly closed. For this reason it is well 
to provide cut-off slides in the con- 
nections between all machines and 
the main exhaust pipe so that any 
idle equipment may be cut out and 
the power required to operate the 
exhaust system reduced. Also, care 
should be taken to see that no small 
openings or leaky joints are per- 
mitted in the branch or main ex- 
haust lines as each adds to the load 
on the system. 

While it is always desirable to re- 
move dust at its source, when pos- 
sible, there are cases where it is not 
practicable to do this, as in certain 
kinds of sandblasting work. When 
this operation is performed on small 
articles, the sandblast is usually 
placed in a box where the operator 
holds the work in the desired posi- 
tion and watches it through a win- 
dow. Air is exhausted from the top 
of the box and the fresh supply for 
replacement is drawn in through the 
hand holes. 

In the case of larger work, where 
more space is needed, the whole ap- 
paratus is located in a small room, 
with the blast under a hood exposed 
to a strong exhaust. Generally the 
work is placed on a bench with a 
grating on top which is also con- 
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Whenever possible, it is always 
best to remove dust at the source 
before it escapes into the room. 


Here a special suction line is con- 
nected to the working hood of a 
stone cutting machine in a marble 
works. The flexible hose allows the 
machine to be moved about easily. 
As this dust is heavy and would 
have an abrasive action on the fan, 
it is removed through the special 
collector shown before it enters 
the fan. 





nected to an exhaust. Fresh air is 
drawn in at the rear, as shown in 
the sketch on page 323, and tends 
to carry all dust away from the 
workman and into the hood or down 
through the bench. This same 
general scheme is often applied to 
other kinds of work where operating 
conditions are much the same. 
Several industrial plants build 
workbenches with gratings and a 
suction in the top. These are used 
particularly for working on brass 
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and other castings. In this way the 
dust is drawn down and away from 
the worker, as produced. In other 
cases a suction hood is placed beside 
the work. One of the illustrations 
shows such a hood beside a bench 
used for cleaning furs. The furs 
are gone over by a small suction 
cleaner as shown and any dust or 
hair escaping is drawn away from 
the operator through the hood. 

Where the dust particles are very 
fine, and not especially irritating, 
general room ventilating is usually 
sufficient, and this method is also 
used to a certain extent, even where 
suction hoods are applied at the 
source, to remove the dust which 
escapes these and passes into the air 
of the room. 

While in most plants one or more 
central or departmental exhaust sys- 
tems, each connected with a single 
fan, are employed, there are cases 
where individual units, or a number 
of small group systems are used eco- 
nomically and equally effectively. 
This generally occurs in establish- 
ments where there are compara- 





A suggested type of vertical duct 
shutter for openings in fire walls. 


Exhaust systems which gather lint 
or inflammable dusts may be: pro- 
vided with a vertical duct shutter 
where they pass through fire walls 
to prevent the passage of a fire 
from one part of the building to 
another. This shutter and the two 
devices on the following page are 
recommended by the National Fire 
Protection Association. 
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tively few machines requiring dust 
removal and where these are located 
at wide intervals. 


PNEUMATIC SWEEPING AND CLEAN- 
ING OF PLANT AND MACHINES 


Removal, after the dust has settled 
upon the walls, floor, and on objects 
in the room, including the machin- 
ery, requires pneumatic sweeping 
equipment to secure the best results. 
This type of equipment is commonly 





Another type of automatic hinged 
duct shutter for openings in fire 
walls. 


This shutter is also used to prevent 
the passage of fire, which may arise 
in a duct containing lint or other 
inflammable material, from one side 
of a fire wall to another. It is al- 
ways advisable, if possible, not to 
extend ducts or other openings 
through fire walls. However, when 
such is necessary, devices such as 
this or the vertical shutter, shown 
on the preceding page, may be used. 


termed a “vacuum cleaner” and con- 
sists of motor exhauster, and sep- 
arator, arranged as shown in an ac- 
companying sketch on page 321. The 
inlet to the separator is connected 
with a system of piping extending 
to all parts of the building, and 
provided with outlets for connecting 
a flexible hose and cleaning tool. 
The form and size of the tool de- 
pend upon the character of the work 
to be done and the nature of the 
surfaces to be reached, whether 
floors and walls or parts of machines 
and other irregular places difficult 
of access. When in operation, the 
exhaust maintains a partial vacuum 
in the separator, thus drawing in 
the dust-laden air from the cleaning 
tools through the system of connect- 
ing piping. Dust and air are sepa- 
rated in the tank, the air passing 
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Where the duct opening through 
fire walls is not over 12 in. in 
diameter automatic dampers such 
as these may be used. 

Here dampers are placed in the pipe 
on each side of the fire wall and 
have fusable links both outside the 
duct and inside so as to drop the 
damper in case of a fire either 
within the room or within the duct. 





to the exhauster, from which it is 
discharged outside. A fairly strong 
suction is required for this work, 
depending upon the length of the 
pipe lines and other local conditions. 
Usually a suction of 6 in. of mer- 
cury column or about 80 in. of water 
is the maximum while 2 in. of mer- 
cury, or 27 in. of water is the mini- 
mum. 
An installation based somewhat on 
this same general principle is used 
in the reconstructed Chicago and 
Northwestern grain elevator to keep 
down dust accumulation and so pre- 
vent another explosion. This sys- 
tem has 408 inlets all over the plant 
and a capacity whereby 24 men can 
sweep at a time. Two to three car- 
loads of material are removed daily. 
This also gathers up any grain, 
which may drop from the conveyors 
or otherwise, along with the dust. 
Grain, however, is separated and 
saved. Rubber and other plants also 
employ pneumatic sweeping exten- 
sively to remove the dust which set- 
tles during the process. 

Recent practice makes use of 
lower pressures than were formerly 

(Please turn to page 355) 
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FAILURE of a switchboard, or some of 
the component parts thereof, may have 
very serious consequences, in so far as 
continuity of service in the plant is con- 
cerned. The instructions which are given 
-in this article have been prepared to 
the end that avoidable troubles may be 
prevented by the proper installation and 
care of this equipment, by operating and 


maintenance engineers. 


Installation and Care of 


Power Switchboards 


For the Guidance of Those Who Are Responsible 
for the Proper Operation and Maintenance of This 


Important Equipment 


stallation, operation and care of 

power switchboards, oil circuit 
breakers and switching equipment 
have been issued under date of May, 
1925, by The Electric Power Club, 
for the use of operating and mainte- 
nance engineers. 

The Electric Power Club is an as- 
sociation of manufacturers of elec- 
tric power apparatus and control 
equipment. The purpose of the or- 
ganization is to devise standards of 
practice and construction in the de- 
sign and application of electrical 
equipment, and to promote advance- 
ments in the production and use of 
such equipment. 


[ ‘stauation, oper covering the in- 





In the introduction to the instruc- 
tions for the installation, operation 
and care of power. switchboards and 
switching equipment, the following 
comment is made: 

“The successful’ operation of 
power switchboards and switching 
equipment depends upon proper in- 
stallation and care, as well as upon 
proper design and manufacture. 

“It is obviously impracticable to 
give instructions here applying to 
each of the many devices used to 
form a complete switchboard. The 
manufacturer’s instructions given 
with each device should be consulted 
for detailed information on its in- 
stallation, operation and care.” 











This illustration shows part of the switch- 
board in a large steel mill. The feeders 
from the direct-current board, at the 
right, are carried up in conduit mounted 
on the wall behind the board. The oil 
switches mounted on the platform are con- 
trolled from the alternating-current board 
at the left. Note the method of support- 
ing the buses on a pipe framework, on 
the platform. Courtesy of The Cutter 
Company, Philadelphia, Pa. 





The instructions covering power 
switchboards are substantially as 
given below. Instructions for the 
operation and care of oil circuit 
breakers and switching equipment 
will be given in a succeeding issue. 


LOCATION OF SWITCHBOARD 


The switchboard in the modern 
power plant is seldom a self-con- 
tained device; many pieces of ap- 
paratus are necessarily located some 
distance away from the _ board 
proper. The switchboard manufac- 
turer can usually render the cus- 
tomer great assistance in the selec- 
tion of proper location, if drawings 
or sketches of the station are given 
to the manufacturer when placing 
the order. It is also safe to say that 
with full knowledge of the available 
space and conditions, a better or 
more suitable switchboard can be 
made. Details can, without affecting 
cost, be adapted to conditions. 
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In settling the location of switch- 
ing equipment, first consideration 
must always be. given to personal 
safety. Continuity of service often 
demands inspection, cleaning, and 
repair with a minimum of equip- 
ment out of service. Ample space is 
the best safeguard. Aisles should 
always be liberal, and particularly so 
if used when operating disconnect- 
ing switches, and when inspecting 
and adjusting other equipment. 

Before attempting to install the 
switchboard the purchaser should 
make himself familiar with the reg- 
ulations of the National Electrical 
Safety Code, The Electric Power 
Club’s safety standards, and any 
local rules that may apply. Where 
local rules affect the design of the 
switchboard, the purchaser must 
bring such rules to the attention of 
the manufacturer before the switch- 
board is designed. 

Mats of good quality rubber or 
other insulating material may be 
placed in front of the board and in 
the aisles, as a further protection to 
the operators. 

Switchboard equipment designed 
for indoor installation must not be 
exposed to excessive moisture such 
as driving rain or condensation drop. 
It must be installed in a dry place, 
kept at a uniform temperature, and 
free from corroding fumes and 
abrasive dust. Any contemplated 
deviation from this rule should be 
referred to the manufacturer for 
advice. In locating the switchboard, 
precautions should also be taken to 
guard against strong drafts carry- 
ing the are from air circuit break- 
ers to ground. 

Rheostats and resistances should 
be located so as to obtain sufficient 
ventilation, and so that one cannot 
transmit heat to another or to other 
apparatus. 

Provision should be made for 
space for future growth, so that ad- 
ditional equipment can be installed 
with the minimum interference to 
service, and with the maximum fac- 
tor of personal safety. 


ERECTION OF PANELS 


The switchboard is usually erected 
on a sill of 6-in. channel iron or 2- 
in. by 7-in. hard wood, carefully lev- 
eled and bolted to the floor after the 
panels, or at least the panel supports, 
have been erected on it. The chan- 
nel sill should also be grouted to the 
floor by pouring thin concrete into 
it from the ends and -through holes 
in the top, either before or after the 
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erection of the panel frame. The 
panel frame is held by bolts tapped 
into the channel sill, or by lag 
screws if a wooden sill is used. 

The method of anchoring panel 
braces is dependent on the construc- 
tion of the wall. Heavy panel equip-. 
ment requires solid fastenings. Ex- 
pansion bolts, through bolts, or an 
angle iron bolted along the wall may 
be used. 

The panel frame may consist of 
144-in. upright pipe supports, angle 
irons, or channel irons for exception- 
ally heavy equipment. 

Regardless of the frame construc- 
tion and the method of shipping 
panels, whether assembled or dis- 
mantled, the middle panels should 
be erected first, and plumbed and 
braced securely. If the supports are 
shipped separately the framework 
should be set up and plumbed first, 
then the panels bolted to it, first 
loosely to avoid cracking, and then 





Fig. 1—This shows how the buses 
and feeders were mounted overhead 
in an installation in the Baltimore, 
Md., plant of the American Sugar 
Refining Co. 
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securely. Flexible washers must be 
placed between the frame and the 
panels. If shipped on its supports, 
each panel will be set up adjacent to 
the fixed panel and anchored in 
place. Shimming should be done be- 
tween the sill and bottom edge of 
panels to plumb the free edge. Some- 
times it may be necessary to file the 
edges of two adjacent panels by 
means of a hack saw blade inserted 
between them, in order to fit them 
closer together. 

Benchboards are sometimes 
shipped assembled, but are more 
frequently knocked down. When 
erecting the board, the sills are lev- 
eled and bolted in place first; then 
the framework is set up and an- 
chored to the sills; next the vertical 
sections below the bench sections are 
erected, always starting from the 
middle of the board; and last the in- 
strument sections are set up. The 
grille or sheet-iron work should be 
fitted, but is sometimes not bolted 
into place until after wiring. 

FRAME STRUCTURE 


Most of the frame structure other 
than that supporting the panels is 
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today made of 1%-in. pipe with 
threadless fittings, because of its 
stiffness compared to its weight, its 
ease of assembling and adjustment, 
and its attractive appearance. 

All such structures should be well 
braced together to avoid any flexi- 
bility that might tend to affect the 
operation of oil circuit breakers, or 
transmit jars from them to the pan- 
els. The threadless clamp fittings 
offer in this respect the best facili- 
ties for perfect adjustment. 

In a heavy-capacity installation 
complete magnetic circuits should be 
avoided around a conductor carrying 
a great amount of current. 

The frame must be effectively 
grounded and the paint removed 
from the pipes and fittings at the 
points of contact. There should 
never be more than three clamped or 
screwed joints in series for each 
ground connection. 

Pipe caps should be slipped on the 
exposed ends of all pipes for im- 
proving the general appearance of 
the installation. 

All metal work should be painted 
from time to time for protection and 
appearance. 


MAIN CONNECTIONS 


The main connections and the pipe 
framework may .be fabricated, as- 
sembled and marked by the switch- 
board manufacturer. It is then a 
simple matter to install them by re- 
ferring to the assembly drawings, 
which bear detail numbers corre- 
sponding to those stamped or sten- 
ciled on or tagged to the details. It 
is important to see that these draw- 
ings contain the latest revisions ac- 
cording to the shipping memoran- 
dum. When the apparatus is not 
assembled at the manufacturer’s 
plant, the main connections, as well 
as the pipe framework, must be 
made at the point of installation. 

Special attention should be given 
to all joints, whether clamped, 
bolted or soldered; all contact sur- 
faces must be clean and smooth. 
Clamping and bolting must be such 
that the pressure is evenly distrib- 
uted, and that there is no possibility 
of the opening of a joint due to vi- 
bration or to changes in tempera- 
ture. This is particularly important 
where the connections and their 
joints are insulated after installa- 
tion. _ Lock washers and locknuts 
are sometimes necessary. 

It should be remembered that the 
conductivity of a bolted or clamped 
joint is proportional to the pressure 
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Fig. 2—Here is a neat way of 
arranging and supporting heavy 
buses at the back of the board. 

Note the cable lugs and bus connec- 


tions; also, that the angle-iron 
framework of the board is sup- 
ported on a channel-iron sill. The 
circuit breaker which is mounted 
on a panel at the rear is controlled 
from the front of the board. 





applied at the joint. A poor joint 
may heat until the surface is an- 
nealed or oxidized, which in turn 
causes increased heating. 

It should be remembered in mak- 
ing soldered connections that the 
solder has greater resistance than 
the copper, and therefore will heat 
if not sufficiently distributed over 
the entire joint. A heavy overload 
may cause heating sufficient to melt 
the solder, and care must be taken 
that there. is no strain or tendency 
to separate such joints. 

Iron clamps with steel bolts may 
be used in clamping connections for 
direct-current work, but for alter- 
nating-current connections and buses 
the clamps must be so constructed 
as to guard against magnetic cir- 
cuits around individual conductors. 
This is especially important for 
heavy currents. 

All contact surfaces of buses and 
copper conductors must be _ thor- 
oughly cleaned with sand paper and 
oil immediately before they are 
clamped together. It is recom- 
mended that the purchaser extend 
this operation to the entire surface 
of the bars which are not to be in- 
sulated after installation, and then 
give them a coat of transparent lac- 
quer to prevent tarnishing and to 
preserve a bright appearance. Every 
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trace of oil must be removed before 
applying the lacquer. It is impor- 
tant that no lacquer should flow on 
the contact surfaces, and it is, 
therefore, best to do this work after 
the joints have been made. When 
changing buses that have been lac- 
quered, the new contact surfaces 
should be washed clean with alcohol 
and then carefully scraped. 

There should be uniformity and 
consistency in the order and ar- 
rangement of conductors for the sake 
of appearance as well as for con- 
venience in caring for the equip- 
ment. This should be carried as far 
as practicable; for instance, on di- 
rect-current boards the positive bus 
and connections may be located near- 
est the board, nearest the top, and 
at the right-hand side facing the 
back of the switchboard. On alter- 
nating-current boards, phase 1 may 
occupy the same position as indi- 
cated above for the positive bus on 
direct-current switchboards. 

Complications will naturally arise 
when the equipment is mounted away 
from the switchboard. It then be- 
comes necessary to determine how 
far this uniformity should be car- 
ried through the station and to the 
lines. Local conditions and the size 
of the power system will be the gov- 
erning factors in deciding this. 

All buses and connections on the 
switchboard should be designed on 
the basis of a maximum tempera- 
ture rise of 30 deg. C. above the 
room temperature. This limitation, 
and mechanical stability determine 
in general the size and shape of 
switchboard conductors. For the 
smaller current capacities, round 
conductors are frequently used as 
follows: 

CONDUCTORS FOR SMALL CURRENT 


CAPACITIES 
Maximum 

Bare Rod Amperes 
PPA Tinea ht ie 15 
BORG Se eee ke oe 150 
TUG Tis Censor 200 
BY Ba v1: NRO aaa, Ane ni aie 300 

Insulated Wire 
Nes /0 Ai WG 175 
No: 4/0 AAW Ge ae 300 


Fig. 3 shows a method of approxi- 
mating the amount of copper re- 
quired for heavy buses and connec- 
tions. Any special conditions should 
be referred to the manufacturer for 
advice, with full data on local con- 
ditions, because ventilation greatly 
affects the results. 

Rigid supporting of all conductors 
is necessary, not only for appear- 
ance, but also to withstand any elec- 
tromagnetic stresses which abnor- 
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mal conditions may produce. The 
short circuit force measured in 
pounds involves several factors, as 
for instance: the frequency and re- 
actance of the circuit, the spacing 
and shape of the conductors, the 
construction of the supports, etc. 
Problems of this nature encountered 
in the installation of a switchboard 
should be referred to the manufac- 
turer for advice. 

In alternating-current installa- 
tions; iron parts, such as supports, 
conduits, floor beams, etc., must not 
be placed between the different con- 
ductors of a circuit in such a man- 
ner as to form magnetic loops around 
a single conductor, and when dealing 
with capacities of about 2,000 amp. 
and above, care must be taken to 
avoid large masses of iron in close 
proximity to the circuit, as other- 
wise the iron will heat. This applies 
even to reinforcing material in con- 
crete compartments. 


SECONDARY AND SMALL WIRING 


All secondary connections from 
current and potential transformers 
to instruments should be metallic; 
the use of the earth as one of the 
conductors is in general not per- 
missible. 

Metallic conduit is recommended 
for all instrument and control leads 
between switchboards and other 
equipment, but care should be taken 
that all leads of one circuit are 
placed in one conduit. Control leads 
should not be placed in the same con- 
duit with secondary leads; it is well 
to make provision so that any rea- 
sonable repairs or changes can be 
made without jeopardizing the con- 
tinuity of service. If the secondary 
and control leads do not run beyond 
the switchboard room, they fre- 
quently enter the switchboard 
through conduits overhead; other- 
wise the best practice is to imbed 
the conduits in the switchboard 
floor, terminating about 2 or 3 in. 
above the finished floor, and as close 
to the terminal boards as possible. 
The top of the conduits must be pro- 
vided with bell mouths or bushings 
to prevent injury to the insulation 
on the wires. The openings should 
be filled with wooden plugs or oakum 
after connections have been made. 

The inside diameter of the conduit 
should be 30 to 35 per cent larger 
than the cable used in it. Uniform- 
ity of size, even if larger than neces- 
sary, is an advantage in appearance, 
as well as in purchasing the mate- 
rial. Sharp bends’ in the conduit 
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must be avoided and the number of 
bends between outlets should be 
held down to not more than three or 
four. During construction work all 
conduit ends should be sealed by 
corks or wooden plugs until the 
cables are pulled in. Joints should 
be water tight, particularly if laid 
in concrete, and provision should be 
made for drainage to eliminate any 
water that may accumulate due to 
condensation or accidents. All con- 








Recommended Thickness of 
V. C. Insulation on Conductors 


Voltage Number of 
Range Layers 
__) | SSEERSRER Seen 3 
cS eee 4 
eS ae 4 
ee 5 
Oe ee 6 
Ek _ BEaeeneareren 7 
Seren 8 
fk ee 9 
I eds caincenenculsismonce 10 
CY US | eeereneereeer 11 
CF f * eee 12 


13,401-15,400 
15,401-17,400 
(7,401-19,400 
19,401-21,200 
21,201-23,200 
23,201-25,000 
25,001-26,800 
26,801-28,000 
28,001-30,400 
30,401-32,800 
32,801-35,200 
35,201-37,600 
37,601-40,000 


Note: This table is based on 
the use of 0.010- or 0.012<in. 
varnished cambric. 























ductors of a single-phase or poly- 
phase circuit must be run in the 
same iron conduit; or fibre conduit 
may be used for individual con- 
ductors. A wire or steel tape should 
be used in pulling the cable through 
the conduit. This work is materially 
lessened if talc or soapstone powder 
is blown into the conduit or dusted 
on the cable. It is very important to 
clean the inside of the conduit be- 
fore putting the cable through. 
Another method of entering the 
board from below is to let the con- 


‘duits terminate in a trench just 


back of the switchboard sill. Insu- 
lating bushings, through which leads 
are brought up to the board, are set 
in a plate projecting slightly over 
the switchboard side of this trench. 
Removable plates cover the trench. 
This arrangement permits a certain 
amount of crossing of leads out of 
sight, so that they can be brought 
up to the board immediately below 
the terminal points. To make the 
connections easier, multi-conductor 
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cable is usually furnished with dif- 
ferent-colored braid on each con- 
ductor. 

Solid wire may be used with 
flameproof covering for exposed wir- 
ing on the back of the switchboard, 
and on the framework. A fixed or- 
der of leads is followed as far as 
practicable in cleating wiring to the 
panels; for instance, for each panel 
or circuit the current leads may be 
brought up at the left side facing 
the rear of the switchboard, the po- 
tential to right, and the control leads 
in between. 

No bare connections above 1750 
volts should be allowed in the 
switchboard room, or where connec- 
tions are accessible from the aisles. 
Connections for about 11,000 volts 
and above are usually so far out of 
reach as to be harmless, and so well 
protected by space insulation as to 
preclude the necessity for wrapped 
insulation. The switchboard manu- 
facturers cannot furnish these con- 
nections insulated because the tap- 
ing should be continuous over the 
connections and the terminals or 
lugs. This is considered part of the 
installation material. It is also rec- 
ommended that the purchaser insu- 
late all connections and terminal 
lugs for circuits below 750 volts in 
which enclosed switches or oil cir- 
cuit breakers are used. While a 
lever switch with bare live parts is 
in itself a caution notice, a device 
such as an oil circuit breaker, being 
enclosed, inspires confidence and in- 
vites dangerous contact with termi- 
nals and connections. It should, of 
course, be borne in mind that a care- 
fully wrapped conductor may not be 
safe to handle alive. 

In general, connections installed 
in compartments and those operat- 
ing at 15,000 volts and above are not 
insulated. Since insulation has a 
tendency to increase the temperature 
rise of a conductor, the purchaser 
should not insulate connections de- 
signed to be left bare without first 
consulting the manufacturer. 

The proper thickness of insula- 
tion for different voltages based on 
the use of 0.010-in. or 0.012-in. var- 
nished cambric is suggested in the 
accompanying table. Over the out- 
side layer of varnished cambric 
there should be applied cotton tape 
half-lapped and finally two coats of 
flame-resisting paint. 


GROUND CONNECTIONS 


A good and reliable ground connec- 
tion is very important for every 








July, 1925 








INDUSTRIAL ENGINEER 





331 

















switchboard installation. It should 
be of sufficient capacity to take care 
of any abnormal conditions that may 
occur on the system, and it should 
be independent of the grounds for 
lightning arresters and other power 
apparatus. 

The secondary windings of all 
current and potential transformers 
should be connected to ground at the 
transformers and without fuses. If 
for any reason this cannot be done, 
as for instance with instruments and 
meters having secondary current 
and primary potential coils, the sec- 
ondary wiring must be insulated and 
installed to withstand primary po- 
tential with safety. 

All metal conduits 
grounded. 

The switchboard frame should be 
grounded at every upright support, 
and care should be taken to remove 
the paint on fittings and pipe to per- 
mit a good connection. The channel 
sill should be grounded in this man- 


should be 


Numbers after arrows refer to 
width of laminations iin inches 


Direct current 


25 cycles 


0" 


Amperes per square inch 








2 ee 
2m ee 
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ner by a perfect contact with the 
supports. 

Exceptions—An insulated frame 
should be used for single-polarity, 
direct-current switchboards of 700 
volts or less with grounded negative. 

Switchboard devices for operation 
at 150 volts or more above ground 
potential should have their exposed 
metal frame parts permanently 
grounded when these are insulated 
from the current-carrying parts and 
not isolated by elevation or other- 
wise permanently protected. This 
rule covers, for example, transform- 
ers and alternating-current instru- 
ment casings, operating mechanisms 
for switches and oil circuit break- 
ers, oil circuit breaker frames, rheo- 
stats, compensators, etc. This is 
usually accomplished by connection 
to ground buses, of a cross-section 
not less than No. 2 A.W.G., which 
should run the entire length of the 
switchboard, and the oil breaker 
structure, if the two are separate. 


Number of 
laminations 


900 
1000 
1100 
1200 
1300 
1400 








Steel work and frames for high- 
voltage switching equipment should 
be grounded at several points to 
guard against insulation at the 
joints. There should never be more 
than three clamped or screwed joints 
in series for each ground connec- 
tion, and for high-voltage apparatus 
there should be less. 

There are various methods used to 
secure a ground connection. One 
plan is to drive galvanized iron pipes 
of about % in. diameter into perma- 
nently moist earth, spacing them 
about 8 ft. apart along the side of 
the station, and joining them to- 
gether by a copper strip about 1 in. 
by vs in. The pipes should be kept 
filled with rock salt. The ground 
connection should be made to this 
system of pipes at two or three 
points, and all joints riveted and 
soldered, or brazed. 

Another method in many cases 
preferable is to bury a copper plate, 
about 3 ft. square, in permanently 
moist earth with a layer of crushed 
coke or charcoal about 2 ft. deep, 
both below and above it. The ground 
cable, which should be riveted and 
soldered across this plate, should be 
brought into the station and se- 
curely connected to the different 
ground buses. 

Work on current-carrying parts 
should not be undertaken until these 
parts have been disconnected from 
the system and connected to the 
ground bus. Provision should be 
made, therefore, by the purchaser 
for connecting flexible ground leads 
so as to reach every part of the 
switching equipment. 


ILLUMINATION OF SWITCHBOARD 


The switchboard should be amply 
illuminated both front and back by 
the station lighting system, and it 
is well to provide some emergency 
system so that the switchboard room 
cannot be put in darkness under any 
abnormal condition. In_ stations 
with storage batteries, this can be 
accomplished most easily by means 





Fig. 3—Current-carrying capacity 
of usual sizes of copper buses. 


These curves refer to buses com- 
posed of laminations ¥% in. .thick 
with 4-in. spacing between lamina- 
tions, and an allowance of 8 in. be- 
tween phases. The values given 
may be used for currents not ex- 
ceeding 3,000 amp., and are based 
on a 30-deg. C. rise at an ambient 
temperature of 40 deg. C. The use 
of two \-in. thick laminations in 
place of one % in. thick strap gives 
increased capacity due to increased 
radiating surface. However, this 
advantage is gradually offset by in- 
ductance as the number of lamina- 
tions per phase increases and as the 
spacing decreases, 
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of automatic throw-over switches, 
which, on failure of the normal 
lighting circuit, throw a number of 
lights on to the battery. 


PHASE ROTATION 


A method which is often most 
convenient for testing out the con- 
nections for phase rotation is to use 
a small induction motor connected 
to the line or to the machine direct, 
or through potential transformers. 
Another simple method is that shown 
in Fig. 4. One of the lamps will 
glow more brightly than the other. 
If lamp B is brighter, phase rota- 
tion is clockwise, or 1, 2, 3. If, on 
the contrary, lamp A is the brighter, 
phase rotation is 3, 2, 1, or counter- 
clockwise. It is always a wise plan 
to study carefully the instructions 
sent with: the machine before con- 
necting it up for operation. 


SYNCHRONIZING 


The following instructions serve 
for testing the connections of the 
synchronism indicator or synchro- 
scope, and for emergency conditions. 
Unless the two polyphase circuits 
have already been running in paral- 
lel, so that there is no question about 
the sameness in phase rotation, two 
phases should be checked. Connec- 
tions may be made as in Fig. 5 with 
the circuit breaker open. When the 
electromotive forces of the two 
sources are exactly equal and in 
phase the current through the lamps 
is zero. As the phase difference in- 
creases, the lamps light up, and at 
180 deg. out of phase they will all 
burn with full voltage. 
pulsation of the lamps depends upon 
the difference in frequency of the 
two polyphase circuits. So far it has 
been assumed that the phase rota- 
tions of the circuits to be synchro- 
nized are the same. However, should 
the two sets of lamps, the lamps in 
the two phases, not pulsate in uni- 
son, it is safe to say that the phase 
rotation of the two sources is not 


the same, and changes should be 


made in the order of the main con- 
nections until the desired indication 
is obtained. 

Only one set of lamps is necessary 
for single-phase circuits, as there is 
no question of phase rotation. The 


method just described here is 
termed synchronizing with dark 
lamps. To determine whether the 


lamps will be dark or bright for a 
given _ synchronizing connection 
when the machines are in phase, the 
main leads should be disconnected 
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Fig. 4—Here is a simple method of 
determining phase rotation. 

With the connections shown one of 
the lamps will be brighter than 
the other. If lamp B is brighter 
than lamp A, phase rotation is 
1, 2, 3, or clockwise. If lamp A is 
brighter, phase rotation is 3, 2, 1, 
or counter-clockwise. 





The rate of. 


at the generator and the circuit 
breaker closed. Since both circuits 
are then connected to one source of 
power, the lamp indication will be 
the same as if the circuit breaker 
were open and the separate sources 
of power were in synchronism. 

It is extremely important in all 
such synchronizing connections that 
the indication represent the condi- 
tion of the circuits at the circuit 
breaker, which is to parallel the cir- 
cuits. In other words, if there are 
transformers in one of the circuits 
to be synchronized, they must be 
outside the synchronizing connec- 
tions, as in Fig. 5, otherwise there 
is a danger of there being a syn- 
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Fig. 5—Method of synchronizing 
with dark lamps. 


The connections of the synchroniz- 
ing device should be made as indi- 
cated, with the circuit breaker 
open. When the two circuits are 
180 deg. out of phase, the lamps 
will glow with full brilliancy. As- 
suming that the voltages of the 
circuits are equal, as the phase dif- 
ference decreases the brilliancy of 
the lamps will decrease so that 
when the circuits are exactly in 
phase the lamps will be dark. 
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chronous indication while the cir- 
cuits are in direct opposition. 


GROUND DETECTORS 


It is frequently necessary on un- 
grounded systems, alternating cur- 
rent as well as direct current, to in- 
stall some kind of equipment for de- 
tecting or reading leakage to 
ground. The simplest method for 
low voltage, two-wire systems is to 
connect two lamps of the system 
voltage in series across the two 
wires, with the connection between 
the two lamps grounded. A ground 
on one side will obviously short-cir- 
cuit and darken the lamp on that 
side. A static or glower type of 
ground detector instrument is gen- 
erally used for voltages above 300. 


OPERATION 


‘Inasmuch as the switchboard con- 
trols all of the machinery and other 
apparatus in the station, it is most 
essential to its proper operation that 
the operator become familiar with 
all general and special instructions 
referring to the apparatus. 

Before putting the switchboard 
into service, all connections to in- 
struments, meters, relays, etc., 
should be carefully checked with the 
drawings and care should be taken 
to see that resistances are connected 
in all the meter and instrument cir- 
cuits requiring them. A prelimi- 
nary trial should then be made to 
see that the instrument and meter 
equipment reads or records in the 
proper direction. In fact, before 
putting a switchboard into actual 
service, it is advisable to put current 
through all parts at reduced poten- 
tial in order to bring out any weak 
spots. The potential and load can 
then be slowly increased to normal. 

Every detail should be closely 
watched, and anything out of the 
ordinary should be carefully noted 
and investigated. The switchboard 
‘manufacturer invites information on 
the behavior of the equipment, and 
welcomes opportunities to assist 
with advice. Any defects discovered 
should be reported to him immedi- 
ately. 

Before each starting of the plant, 
be sure that all switches and circuit 
breakers involved are open and that 
no other device is in such condition 
as to cause trouble when throwing 
potential on the switchboard. After 
everything is adjusted and running, 
the instruments should be read reg- 
ularly to see that no device or 

(Please turn to page 350) 
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Taking and Recording 
Rewinding Data 


On D.C. Armatures so That All of the Details of 
the Winding Will Be Noted in Such a Manner That 
Any Winder Can Use the Data 


By A. C. ROE 


Renewal Parts Engineering Department, 
Homewood (Pa.) Works, W estinghouse 
Electric & Mfg. Co. 


AKING the rewinding data 
on the armatures of direct- 
current motors is a very im- 
portant part of the motor repair job 
if the repaired armature is expected 
to duplicate the performance of a 
new one. If an important detail is 
incorrectly recorded or omitted, 
costly mistakes may be made in re- 
winding the armature. To insure 
that the data are completely and 
correctly recorded, a _ systematic 
method of taking and recording 
them should be followed. In the 
June issue of INDUSTRIAL ENGINEER, 
details of three methods of taking 
these data were given. The first of 
these methods is very simple and 
will undoubtedly fill the needs of a 
small repair shop handling a limited 
variety of motors. The _ second 
method is more comprehensive in 
scope and will meet the needs of 
many larger shops. The _ third 
method is very complete and covers 
practically all of the more usual 
types of direct-current armatures. 
There is no one best method that 
can be used for all kinds of wind- 
ings. One method is sometimes 
more suited to one type of winding 





than to another. However, another 
method may be more easily under- 
stood by the men who have to use it. 
It is for this reason that in what fol- 
lows several other methods are giv- 
en, which many winders will un- 
doubtedly desire to use. 

In the forms that were described 
in the preceding article the lead 
throw was counted from, or based 
on, the center line of the slot that 
holds the bottom coil side. In other 
words when taking the data on a 
winding, the slots containing the 
top and bottom coil sides of a se- 
lected coil were first located. The 
slot holding the bottom coil side was 
called slot 1 and this slot was used 





Figs. 1 and 2—Method of taking 
data on strap-wound armature. 


Inspection of the diagram and the 
illustration of the armature that it 
represents will show that each slot 
contains two half-coils or winding 
units, each of which consists of five 
atraps. Ci, C2, C3;..C4, and -C$ are 
the top straps, and El, E2, E3, E4 
and #5 are the bottom straps. The 
inner circle represents the commu- 
tator. The important thing to know 
is which top strap connects at the 
rear to a given bottom strap. In the 
winding shown the strap C$ from 
slot A is connected at the rear to 
strap H2 from slot B. The front 
end of strap C3 is connected to com- 
mutator bar 1 while the front end 
of strap E2 is connected to bar 84. 
Consequently, the lead pitch is said 
to be l-and-84, C3-E2. Commutator 
bar 12 is directly under the center 
of slot A; hence the top lead throw 
is said to be l-and-12. 

















IT IS VERY easy to leave out 
some important detail when 
taking the data on an arma- 
ture that is to be rewound. 
This is particularly true in 
the case of direct-current 
armatures, for in addition to 
the data concerning the coils, 
data must be taken in con- 
nection with the commutator. 
This is the second of a series 
of articles on this subject by 
Mr. Roe. The first article 
was published in the June 
issue and gave some of the 
more simple methods that he 
has found to be of value. This 
article describes some rather 
elaborate forms which may 
be useful in your repair shop. 




















as a base in determining the num- 
ber of the slot holding the top side 
of the coil. Next was found the 
commutator bar to which the lead 
from the bottom coil in slot 1 was 
connected. This bar was called bar 
1 and, counting from this bar as a 
base, the bars connecting to the top 
coil side and also the bar or mica 
between two bars which were in line 
with slot 1, were located.- From this 
the coil throw, lead throw, and the 
lead pitch were found. 

In Fig. 3 are shown forms for re- 
cording rewinding data, which use 


‘the center line of the coil as a base 


in determining the lead throw, in- 
stead of the center line of the slot 
containing the bottom coil side, as 
was the case in the preceding article. 
Diagram A shows a winding unit 
having five coils per cell. The cen- 
ter of this winding unit or bunch 
of coils falls on slot 4 and also on 
commutator bar 32. In determining 
the lead throw, the center coil of the 
winding unit is used as a base, as is 
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shown in the diagram. Counting 
from the adjacent bar to the one on 
which the center line of the coil 
falls, we find that the center lead 
from the bottom coil side falls on a 
bar which is 31 bars away from the 
reference bar in line with the center 
of the coil. The same is true for 
the center lead of the top coil side. 
The bars may be numbered as given, 
or better, the bar connecting to the 
center bottom lead may be called 
bar 1, the bar on the center line of 
the coil may be called bar 32, and 
the bar connected to the center top 
lead may be called bar 63. This is 
indicated in the diagram. 

In B of Fig. 3 is shown a similar 
diagram for a coil, the center line 
‘of which falls on a tooth and upon 
the mica between two bars. It also 
shows the manner of indicating a 
dead coil. 

In C, D and E of Fig. 3 are in- 
corporated all the good points of the 
preceding data forms. Diagram C 
is for lap windings while D and E 
are for wave windings. In each of 
these three diagrams it will be no- 
ticed that two arrangements of slots 
are shown. The top arrangement is 
for use when the center line of the 
coil falls on the center of a slot, 
while the lower arrangement is used 
when the center line of the coil falls 
on the center of a tooth. In each 
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case the slot marked A is taken as 
the slot holding the bottom coil side 
and is called slot 1. Slot F locates 
the center of the coil if the coil cen- 
ter falls on a slot; if it falls on a 
tooth, slots E and D locate the coil 
center. Slot B holds the top coil 
side. 

In diagrams D and E provision is 
made for when the center line of the 
coil falls on the bar, as well as when 
it falls upon the mica between two 
bars. Bar S is located in the for- 
mer case and bars M and N in the 
latter. 

Diagram D also shows the method 
of indicating a dead coil while dia- 
gram E' gives the method of show- 
ing a long-jumper connection, which 
was described in the preceding arti- 
cle on page 284 in the June issue. 





Fig. 3—Data forms that will give 
the winder exact information for 
locating the commutator, core, and 
coils with respect to each other. 


In diagrams A and B is shown a 
method of taking rewinding data 
using the center of the coil as a 
reference point in locating the slots 
holding the coil as well as the bars 
to which the leads of that coil are 
connected. In C, D and E, this idea 
has been followed out more elab- 
orately. These diagrams will take 
care of cases in which the center 
-line of the coil falls upon the center 
of a tooth or upon the center of a 
slot, as well as when the center of 
the coil falls on a bar or on the 
mica between two bars. C is for 
use with lap windings, while D and 
E are for use with wave windings. 
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Figs. 4 and 5 show another 
method of taking the rewinding 
data. The form used is quite elab- 
orate. Diagram A of Fig. 4 shows 
the data as taken for an armature 
having 39 slots and 195 commutator 
bars. In taking these data, a coil 
was selected and the bottom and top 
coil sides were located. The slot 
holding the bottom coil side was 
called slot 1 as shown in the diagram 
and counting from this coil side to 
the slot holding the top coil side, the 
latter slot was found to be slot 11. 
The slot in line with the center of 
the cvil was found to be slot 6. The 
center line of slot 6 was found to 
line up with the mica between com- 
mutator bars 48 and 49 as shown in 
diagram A. The numbers of these 
commutator bars were found by tak- 
ing as bar 1 the bar to which the 
first lead of the bottom coil side in 
slot 1 was connected. Likewise the 
bar to which the corresponding lead 
of the top coil side was connected, 
was found to be bar 98. The com- 
mutator bars to which the leads of 
this winding unit are connected, are 
punch marked as shown in the dia- 
gram. To distinguish the bars to 
which the leads of the top coil side 
are connected, the group of bars to 
which these leads are connected are 
marked with an extra punch mark, 
as shown. Also the bars that are in 
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C.L.of CoilonC.L.of slot and 
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Laying of f Windings 
1-The center line of starting coil is 
on center line of armature slot 6 
and on center line of mica between 
bars 48 and 49 
2-Starting at bar 48,count back 


a 








One Piece Coil 


Z ooking on 
top of coil 





Winding Data 


Number of armature slots,39 
Number of commutator bars, 195 
Coils lie in slots land Il 

Leads connect to bars Larid 98 


Commutator center-punched on end 


C.L.of Coil on C.L.of Tooth 
and on CLMiga eprween 















(clockwise) to bar 1 andin this bar 
lace lead 2 from bott on end 
Leet dacapet ‘eis bottom leads of setae Locates by noe from eads of starting a alte na top leads of 
fe a rting col 3-Starti starting coil 

5 Cont fe bg feeward(Counter- ue ESSA tomieads trom SgartIng at bar count forward, BI tom eds of 
dean eat Wank fep ead oF . ‘ arting coil at inthis bar place lead 2 (the first starting coil ; 
starting coil Locutee starting coilin slots active coil from the top leads “ —T — coil in 
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of the starting coil 


Laying of f Windings 
\- The center line of starting coil is 
on center line of tooth between 
slots 4and 5 and oncenter line of 
mica between bars 3land 32 
2- Starting at bar 31, count back 
(clockwise) to bar Land in this bar 




















bars | 





Rear dliamond 
| Looking.on top 
of cos | 


Winding Data 
Number of armature slots,30 
Number of commutator bars, I9 
Coils lie in slots lana 8 
Leads connect to bars land 60 


Commutator center-punchea 














Fig. 4-—This method of taking data 
gives the winder a true picture of 
the coil in the slots, showing the 
relationship existing between core, 
coil and commutator. 


With this method of recording the 
data four cases arise. One is where 
the center line of the coil falis on 
the center of a slot and also on the 
mica between two commutator bars, 
as shown in diagram A. Another 
is when the center line of the coil 
falls on the center of a tooth and 
on the mica between two bars, as 
shown in diagram B. The other 
two cases are illustrated in A and 
B of Fig. 5. In diagram A is shown 
a winding unit having five coils. 
The one shown at B has four coils, 
one of which is a dead coil. 





line with slots 1 and 11 are punch 
marked so that the starting coil slots 
will be located with reference to the 
commutator. These punch marks 


eliminate the chance of getting a 
retrogressive winding in place of a 
progressive winding or vice versa. 
The procedure in laying off the 
winding from the data is given in 
the notes under the diagram. 

Four different types of blank 
forms are required if this method 


quired where the center line of the 
coil falls on the center line of a tooth 
and on the center of a commutator 
bar. 
of Fig. 5. A fourth form is required 
for the case in which the center line 
of the coil falls on the center of a 














This form is illustrated in A 





is used. One should be made up 
similar to A of Fig. 4, in which the 
center line of the coil falls upon the 
center line of a slot and also upon 
the mica between two bars. Another 
form would be required where the 
center line of the coil falls on a tooth 
and on the mica between two com- 
mutator bars. Such a form is shown 
in B of Fig. 4. <A third form is re- 














Fig. 5—These two forms are used 
in connection with those shown in 
Fig. 4. 

When the center line of the coil 
falls on the center of a tooth and 
on a bar, the diagram shown at A 
is used. This diagram also shows 
the method of indicating a winding 
unit having seven, two-turn coils. 
If the center line of the coil falls on 
the center of a slot and a bar, the 
diagram shown at B is used. This 
diagram also illustrates the method 
of showing a special-throw, off-cen- 
ter coil. 








C.L.of Coil on C.L. of 
Tooth and on C.L.of bar 


Laying off Windings 
-The center line of starting coil 
is on center line of tooth, between 
slots 6 and 7 and on center line 
of commutator bar 86 
2 “e at bar 86, count back (clockwise) 


to bar |, and inthis bar place lead 
1 from bottom leads of starting coil 
3—Count from bar 1 forward (counter 
clockwise) to bar 165, and in this 
bar place lead | from top leads of 
starting coil 
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Top of Coil 


Front 
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$432 76543 
ee Teads 


Winding Data 

Number of armarture slots, 47 

Number of commutator bars, 329 

Coils lie in slots | and 12 

Leads connect to bars land 165 

Commutator center punched onend 
stemlocates top leads from starting coil 
«eeLocates bottom leads from starting coi! 

* Locates starting coil in slots 1 and 12 


C.L.of Coil on C.L. of Slot 


and on C.L. of Commutator Bor 
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Laying off Windings 
1—The center line of starting coil 1s on 
center line of armature slot 6, and center 
line of commutator bar 35 


2— Starti 


top lead of starting coil 


from bottom leads of starting coil 
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at bar 35,count back( clockwise) 
to bar |,and in this bar place lead | from 


3— Count from bar 1,forward (counter clockwise) 
to bar 104, and in this bar place lead | 





















Special-Throw, 
off Genter Coil 














Bottom leads 


Winding Data 
Number of armature slots, 41 
Number of commutator bars, 205 
Coils lie in slot | and slot 11 
Leads connect to bars land 104 
Commutator center punched on end 
sees Locates top leads from starting coil 
oie Locates bottom leads from starting coil 
* Locates starting coil inslots land I} 
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slot and upon the center of a bar. 
Such a form is shown in B of 


Fig. 5. 

The method of indicating the loca- 
tion of a dead coil on these forms is 
shown in diagram B of Fig. 4. Like- 
wise the manner of indicating a 
half-idle bar is shown in A of Fig. 5. 
Diagrams A and B of Fig. 4 show 
windings having five and four coils 
per cell, respectively. Diagram A of 
Fig. 5 shows a winding having seven 
coils per cell. This winding uses a 
coil that has two turns and is of 
the type known as double loop roll; 
that is, the coil has one loop or roll 
in front and a double loop or cross- 
over at the rear diamond point. The 
double loop at the rear eliminates 
crossing the bottom leads over the 
coil side as the bottom leads are 
brought out on the bottom of the 
bottom half of the coil and the top 
leads are brought out at the top of 
the top half of the coil. 

Many of the larger, heavy-duty 
motors, particularly railway-type 
motors, use half coils. In Fig, 1 is 
shown a diagram for recording the 
data on windings using half-coils. 
Such a winding is shown in Fig. 2. 
In this particular winding it can be 
seen that each half-coil is made up 
of five straps that are insulated from 
each other and assembled as one 
winding unit. 

As can be seen from Figs. 1 and 2, 
there are two half-coils per slot, one 
in the bottom and one at the top. In 
Fig. 1, the top straps in a slot are 
designated by the letter C and the 
bottom straps in a slot by the letter 
E. Each strap is numbered from 
1 to 5. The inner circle in the dia- 
gram represents the commutator. 
The front end of the second strap in 
the bottom of slot B, that is, the £2 
strap, connects to commutator bar 84, 
while the third strap at the top of 
slot A, that is, strap C3, connects to 
commutator bar 1. The rear end of 
strap C3 is clipped to the rear end 
of strap E2. In other words, the two 
half-coils, C3 and E2, are clipped to- 


gether at the rear to make a whole ~ 


coil. The lead pitch will then be 
seen to be l-and-84 as measured on 
the commutator. However, to give 
complete data on the lead pitch, we 
must give it as l-and-84, C3-E2, 
thereby indicating the “creeping” 
that takes place. The commutator 


bar directly under the center of slot 
A is bar 12; hence the top lead 
throw is said to be 1-and-12. 

We have said that strap C2 1s 
connected at the rear to strap E2. 
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Likewise C4 connects to E'3, C5 con- 
nects to #4, and C2 connects to £1. 
Thus we see that we “creep” or ad- 
vance one strap in going from slot 
B to slot A. The effect of “creeping” 
is somewhat the same as a split 
pitch. 

A jig is used in winding strap- 
wound armatures of this type. This 
jig is shown at the left of Fig. 2. It 
has as many slots cut in it as there 
are commutator bars, the slots being 
deep enough for two straps plus any 
fillers or spacers required, including 
a snug fit for the copper thickness 
used in the coil. The jig acts as a 
dummy commutator and lines up the 
rear end to receive the connecting 





Fig. 6—Here is a very elaborate 
method of recording the data for a 
winding using half-coils. 


The diagram at the left gives the 
coil pitch, lead pitch and lead throw 
as well as the relation existing be- 
tween the core, coil and commuta- 
tor. The lower right-hand diagram 
shows the three shapes of half-coils 
that are used. All of the 31 top 
half-coils are the same. Sixteen of 
the bottom half-coils are straight as 
shown in the diagram while 15 of 
them have a U-shaped bend at the 
commutator lead end so as to fit 
into the winding space available. 
The upper right-hand diagram gives 
the location of the straight and bent 
bottom coils at the commutator end. 
The inner circle of lines represents 
the bent coils, while the outer circle 
of lines. represents the straight 
coils. 
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clips. After all of the top and bot- 
tom coils are in place, the coil ends 
are trimmed off flush with the jig 
and a band is put over the coil ends 
near the jig to hold the coils in place 
while the jig is being removed and 
during the operation of applying and 
soldering the connectors. The jig is 
then removed and the clips are put 
on and soldered. The advantage in 
using the jig lies in the fact that the 
coils are evenly cut off and can he 
readily connected up. In addition, 
the armature is easier to balance and 
has a true line appearance when 
running. 

A more elaborate method of re- 
cording the data for a_half-coil 
winding is shown in Fig. 6. In this 
case the center line of the coil falls 
upon the center of a tooth. Also, 
the center line of bar 4 falls on the 
center of slot 8. This locates the 
commutator with respect to the 
armature slots. The top lead throw, 
as can be seen from the diagram at 
the left and from the lower right- 
hand diagram, is very small—about 
one slot. Most of the lead throw is 
in the bottom leads. A 

This armature has three different 
shapes of half-coils. There are 31 
top half-coils that are all alike. 
There are also 31 bottom coils, 16 of 
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Number of commutator bars 155 54321 54321 
Coils lie in slots 1 and 2 to8 Bottom fowls ek 
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and bent bottom coils at comm. end 
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which are called bottom straight 
coils. This term is used to denote 
that the commutator lead ends leave 
the armature slot and go to the com- 
mutator necks without dipping or 
bending down and up. There are 
also 15 bent bottom coils. The term 
bent indicates that the commutator 
end of the coils drops below the 
straight bottom coil, as the bent coil 
leaves the slot, then bends up again 
as it enters the commutator neck. 
The reason for the two kinds of bot- 
tom coil sides lies in the long bot- 
tom lead throw and the small amount 
of winding room between the arma- 
ture core and the commutator, which 
requires the bottom leads to be put 
down in two layers. 

The upper right-hand diagram in 
Fig. 6 shows the slots in which the 
straight and bent coils fall. The 
inner circle represents the bent coils 
while the outer circle represents the 
straight coils. 

Inspection of the lower right-hand 
diagram of Fig. 6 will show that 
top lead 1 is connected at the rear 
of the armature to bottom lead 3; 
that is, there is a “creepage” of two 
straps. Likewise top leads 4 and 5 
connect at the rear to bottom leads 
2 and 3, respectively. The data in 
Fig. 6 also indicates that the wind- 
ing uses right-hand coils. 

Fig. 7 shows an extremely elabo- 
rate type of data sheet which gives 
the field connections, the brush posi- 
tion, the direction of rotation of the 
armature, and the polarity of the in- 


Fig. 7—This form giyes all of the 
electrical connections in the motor. 


Not only are the complete armature 
data given and the winding shown 
for a series of two coils, but also 
all of the series field, interpole field, 
brush, and terminal connections are 
shown. The starting coil is taken 
as starting from bar 18. As can be 
seen a winding unit consisting of 
five coils per cell is used. I and O 
represent inside and outside termi- 
nals of the fields. The inside termi- 
nal is the one nearest the air gap. 
N and S indicate the polarity of the 
field poles. A and A-A are the ter- 
minals for the armature circuit 
which, of course, includes the inter- 
pole field. F and F-F are the ter- 
minals of the series field circuit. 





terpoles in relation to the polarity of 
the main field poles, as well as the 
layout of the armature winding. As 
can be seen, the first coil starts at 
commutator bar 18, goes to slot 19, 
through this slot to slot 13, and 
thence to commutator bar 80. The 
second coil starts at commutator bar 
80 and goes to slot 7, through slot 
7 to slot 1, and thence to commu- 
tator bar 17, one bar behind the 
starting point. Consequently, the 
winding is retrogressive. 

Inspection of slots 1 and 7 will 
show that the winding has five coils 
per cell. Notice that the winding is 
laid off from the center coil in the 
cell. Also note that commutator bar 
1 is taken as the bar which falls on 
the center line from slot 1. Com- 
mutator bar 3 falls over the center 
of the keyway. These data thus lo- 
cate the position of the core and 
commutator with respect to each 
other and to the keyway of the shaft. 

All of the connections of the series 
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and interpole fields are given. The 
polarity of each pole is indicated by 
N or S placed on each pole. 

The order in which the leads are 
brought outside of the frame is 
shown in the small diagram in the 
upper left-hand corner of Fig. 7. 
Careful study of this form of dia- 
gram will show that all of the elec- 
trical connections in the motor are 
given, as well as the electrical rela- 
tionship between the various parts. 

Succeeding articles in this series 
will take up in detail the methods 
used to obtain the winding data and 
will give rules for the guidance of 
the winder in taking these data. 





Making a Survey of 
the Power Load 


(Continued from page 315) 


motor and thus make it run at lead- 
ing power factor. 

The reactive kilovolt-amperes taken 
by the load shown at BO are equal 
to BF or 1,393 kva. This must be 
reduced by an amount that will 
bring the system power factor up to 
90 per cent as that is the power 
factor desired. Draw the 90 per 
cent power factor line, MO. MO in- 
tersects BF at C. Hence at the de- 
sired 90 per cent power factor the 
system will draw a reactive kva. 
equal to CF or 821 kva. The syn- 
chronous motor must therefore sup- 
ply a leading reactive kva. of BC or 
572 kva. as well as a true power of 
AB or 642 kw. Hence the capacity 
of the synchronous motor is repre- 
sented by AC and is equal-to 860 
kva. It will operate at 74.6 per cent 
leading power factor. The system 
load is now represented by OC and 
scaling the graph we find it equal to 
1,888 kva., which is well within the 
2,000 kva. rating of the generators. 

A summary of the new conditions 
shows the following: 

(1) The load on the alternator 
is reduced 2,510—1,888—622 kva. 

(2) The load in kilowatts is re- 
duced by 1,728—1,700—28 kw. 

(3) The reactive kilovolt-amperes 
are reduced by 1,820—821—999 kva. 

(4) The power factor is increased 
from 68.8 to 90 per cent lagging. 

The change thus eliminated the 
necessity of an additional alternator 
with its prime mover, extra switch- 
ing equipment, cables and additional 
floor space, and thus decreased the 
cost of operation, and improved volt- 
age regulation and operation of each 
individual induction motor. 
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ELT trouble on im- 
Why Wait for portant drives, or any 
Belt Trouble other interruptions to the 
operation of equipment, 
always seem to happen when 
the shop is busiest. It is, 
however, only natural that the belt should give way 
when it is called upon to perform its hardest service; 
it would hardly be expected to fail under light oper- 
ation or when the shop is shut down. 

One operating engineer solved this problem by decid- 
ing that instead of waiting until belts stop work be- 
cause they are dirty, dry, or need tightening, which 
is more his fault than the belt’s, he would, at least once 
a year, take them down when work was slack or the 
shop closed and clean them thoroughly, re-oil them and 
put them back into service with a newly cemented 
joint. Since this policy of annually going over all belts 
on important drives has been in practice, no group 
drive belt has failed in service. It takes time to do a 
good repair job, and time is mighty scarce when the 
men on a group of machines are idle because of a 
breakdown. 

The policy of avoiding difficulties instead of over- 
coming them, seldom, if ever, fails to pay big dividends. 


iene 


to Happen? 














OT SO very long ago a 

load survey was un- 
dertaken in a large indus- 
trial plant. One of the 
conditions- brought to light 
was quite startling and re- 
sulted in a saving of $10,000 a year. 

This plant was somewhat like Topsy—“It just grew.” 
In its earlier days, direct-current power was secured by 
the use of steam-driven generators. When the demand 
for power became too great for these machines, it was 
decided to get the additional power from the local 
central station. Accordingly, a 25-cycle motor-gener- 
ator set was installed to take care of this requirement. 
Five years later, due to plant extensions, a large amount 
of direct-current power was required at the other end 
of the plant, which is about half a mile away. The 


A Load Survey 
That Was Worth 
$10,000 a Year 
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cheapest way out was to put in another motor-generator 
set at this location. 

During this five-year period, however, the local util- 
ity had decided to curtail their 25-cycle service and 
push their 60-cycle supply; consequently, a 60-cycle, 
motor-generator set was installed at the new location. 

The load survey that was undertaken several years 
after the installation of the second motor-generator set 
brought to light the fact that this consumer was pay- 
ing a maximum demand charge for his 25-cycle power 
and another maximum demand charge on his 60-cycle 
power. This was because there were two separate and 
distinct services for this plant. The load survey also 
showed that the maximum demand on the 25-cycle 
power did not occur at the same time as the maximum 
demand on the 60-cycle power. It was estimated that 
there was sufficient diversity between these two de- 
mands to warrant replacing the 25-cycle motor with a 
60-cycle motor on one motor-generator set and obtain- 
ing all of the power from the 60-cycle supply. This 
was done. 

When the monthly bill came in from the power com- 
pany, it was found that the demand charge on the 
new 60-cycle service was scarcely larger than before, 
which meant a saving of practically all of the demand 
charge formerly made on the 25-cycle power. Of course, 
the energy charge billed against the company was 
equal to the sum of the old 25-cycle and the old 60-cycle 
energy charges. 

The saving in this case amounted to $10,000 a year. 
This investigation of diversity factor was decidedly 
worth while. On page 310 of this issue, Mr. Stafford 
gives the elements of a load survey and the methods 
of making one. If you are interested in cutting power 
costs in your plant, a perusal of this article will be 
well worth the time spent. 


————__—————. 





HE use of equipment 
which is specially de- 
signed and built is often- 
times justified by the serv- 


Make Conditions 
Justify the Use of 








Sp ecial Equipment ice conditions that must be 
met. Nevertheless, this is 


a question that should be considered very carefully 





before a decision is: made to use other than standard . 


equipment. There are several reasons for this. 

In the first place the cost of special equipment is 
necessarily high, as a good deal of engineering and de- 
signing work may be needed and the cost of this must 
be, at least in part, charged against a comparatively 
small number of units instead of spread over a large 
number of units in quantity production, as in the case 
of standard apparatus. In addition, much of the work 
may, in the absence of the proper jigs and fixtures, 
have to be done by hand, which means considerably 
reduced output; more supervision is required, and there 
is likely to be greater spoilage and wasting of material. 

Furthermore, although the equipment may have been 
designed with the utmost care there is always the 
chance that the searching test of service may reveal 
hidden defects or weaknesses that would probably not 
be present in standard equipment, whose design has 
been perfected through the experience gained in watch- 
ing the equipment under service conditions. 

The possible difficulty and expense of getting repairs 
made and obtaining spare parts is another matter that 
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should be considered in connection with the use of 
equipment that is not standard. 

Special equipment has its place, but as a general 
proposition that place is not in any application where 
standard equipment can be used. 


——_———_——. 





ARK TWAIN is cred- 
ited with the re- 
mark, “Many people talk 
about the weather but they 
don’t do anything about it.” 
The same could probably 
be said of the material-handling problem in many indus- 
trial plants. In those plants where the cost of han- 
dling material is lumped under “indirect labor costs,” 
this item of expense is considered a nuisance but, when 
grouped this way comparatively little can be done about 
it, as usually many other items of expense are included. 
Material-handling problems will be but little under- 
stood until it is generally realized how extensive they 
are in industrial processes and also exactly what they 
cost. Some few: years ago the chief e~gineer of a 
large midwestern foundry investigated and found that 
to produce one ton of miscellaneous castings of small 
size, averaging a few pounds each, required that 168 
tons of pig, scrap, flasks, debris, castings and other 
materials must be handled. Startling as this figure 
may seem his foundry was very well organized, and 
investigation showed that many other plants were han- 
dling almost twice as much material to get out the 
same amount of work. This was due to an excessive 
amount of unnecessary rehandling. 

The first step in any work of this sort is to find 
out exactly how many handlings are made and how 
much they cost, together with exactly how they are 
done. The next analysis is to determine how many 
of these handlings are unnecessary or can be combined 
with others. After that, it is merely a question of 
the most effective equipment for the work. These are 
steps which may be taken in practically any plant 
and will pay big dividends on the time spent in the 
investigation. A careful investigation may show you how 
to do something much more effective than merely talk- 
ing about your material-handling problems. 


How Many Tons 
Do You Handle per 
Ton of Output? 











————_—_——__ 





RECENT incident in a 
large plant brings to 
Lamps Means mind a subject which ought 
Short Life to be well known, but is 
not always given the at- 

. tention that it deserves. 

In one department of the plant mentioned, consider- 
able concern was felt because of the change in the life 
of the incandescent lamps that were being used. Care- 
ful investigation was made to see if these lamps were 
being subjected to unusual vibration or other abuse. 
It was found that 125 volts alternating current was 
being supplied to the lamps in question and that these 
lamps were rated at 115 volts. Further investigation 
disclosed that 120-volt lamps had been requisitioned, 
but that the purchasing department had taken it upon 
themselves to change this to 115 volts, simply because 
there were no 120-volt lamps in stock at the supply 
house at the time the lamps were ordered. e@ 
The evil effect of operating lamps on overvoltage 


Overvoltage on 
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In this case, there was an 
overvoltage of 8.7 per cent which brought the average 


ought to be well known. 


life per lamp down to 30 per cent of normal. Ordi- 
narily, 120-volt lamps were used on this supply, but 
even in this case the lamps are operating at 4.16 per 
cent overvoltage, which gives an average lamp life 
of about 56 per cent of normal. 

The average life of a standard Mazda multiple lamp 
is said to be 1,000 hr. When using 115-volt lamps, 
the plant mentioned was getting an average lamp life 
of only 300 hr. or 25 nights’ use of the lamps, whereas 
by using 125-volt lamps or reducing the lighting volt- 
age to 115 volts they could have expected 1,000 hr. or 
about three months’ life from their lamps. 

This incident ‘should point out the value of making 
a survey of the voltage delivered at the lamp sockets 
in all parts of your plant and seeing that the proper 
lamps are used. This survey should be repeated at 
regular intervals, for load changes or other conditions 
may affect the voltage. 

Money saved on lamp renewals is just as good as 
money saved in any other way, and it doesn’t cost much 
to find out how much you can save. 


———_—— 


NE of the problems 

confronting every me- 
dium-sized or large indus- 
trial plant is to determine 
how far the maintenance 
department should go in 
doing its repair work and what work is to be sent out 
to be done. Most industrial men have learned by experi- 
ence and careful comparison of costs that it usually 
pays to keep on hand a small stock of parts purchased 
from the manufacturer, such as bearings and other 
similar parts, which may be expected to wear out more 
or less frequently. 

The question of whether to rewind motors and make 
extensive repairs to such devices as commutators is 
often open to discussion. Usually, the decision de- 
pends upon the quantity of work to be done, the out- 
side agencies available and whether any of it is of 
an emergency nature. One plant with enough winding 
work to keep a man busy was not satisfied that it 
could do this work to the best advantage, and made a 
further analysis of its repair jobs. Here, as in most 
cases, the decision to do this work in the plant 
had been made because it was felt best to have a 
repairman on hand for emergency work on special 
motors, such as those direct-connected to some machines 
for which no spare motors were available. An analysis 
of repair jobs showed that these emergency cases 
occurred only a few times a year and that they 
practically always meant overtime work for the winder. 

Arrangements were made with a local repair shop 
to rush these special motors as emergency jobs and 
put as many men on the job as feasible. Ordinary 
repairs on motors for which spares are available 
are handled in the plant repair shop, according to the 
regular routine, which delivers the motor within a fixed 
period. This relieves the maintenance department of 
carrying considerable repair stock and also releases 
some floor space which is badly needed. Perhaps, it 
would pay other plants to make a similar analysis of 
equipment failures, to determine how the repair work 
can best be handled. 





A Study of Your 
Repair Work May 
Save You Money 
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and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


Who Can Answer 
These? 


Bull Ring for Gas Pump—Can some 
reader give me any suggestions on 
how to make a bull ring for the pis- 
ton of a gas pump having a cylinder 
diameter of 36.25 in.? In making the 
ring, what is the allowance in diam- 
eter to provide the necessary “spring” 
to hold the ring tight against the 
cylinder wall? Also, what is the best 
type of joint to make in the ring? 
Paulding, Ohio. J. am 


co * * nm 


Use of Armored, Lead-Sheath Conductor 
Underground—wW ill some of the read- 
ers of INDUSTRIAL ENGINEER please give 
me their experience with the use of 
2,500-volt, lead-encased, steel-wound 
wire such as is put out by some of the 
large manufacturers and intended to 
be used underground, and not pro- 
tected by conduit? 

San Diego, Calif. W. Po B: 


oe eS Se 


Method of Cleaning Motor Winding— 
What is the best method of cleaning 
motors that are oil-soaked and dirty? 
Can they be washed in gasoline and 
baked out in a bake oven to any ad- 
vantage? What is the best method of 
handling the gasoline? Should the 
armatures be dipped in a trough con- 
taining gasoline, or should they be 
wiped with a gasoline-soaked rag? I 
would greatly appreciate hearing of 
any other methods used by readers 
for cleaning oil-soaked windings, as 
well as the results obtained by using 
gasoline for cleaning. 

Chicago, Il. R. W. A. 


* * * % 


Mounting Motors on Ceiling—In order to 
get more free floor space we are plan- 
ning on mounting the motors on the 
ceiling, above the machines and line- 
shafts which they drive. I should like 
to have the experiences of other read- 
ers on the following points: (1) The 
best method of attaching motors to 
concrete ceilings. (2) What is the best 
and simplest method of raising and 
holding motors up until they can be 
attached? (3) Is there likely to be any 
more trouble with motors so mounted, 
than when they are placed on the 


floor? 
St. Louis, Mo. E. H. G. 


ao * % * 


Method of Removing Cores from Fan 
Motors—Will some reader tell me the 
best method and equipment to use for 
removing the cores from 10-in., 12-in., 
and 16-in. Westinghouse fan motors? 
I find it necessary to remove these 
cores from the drawn steel housing 
that encloses the motor so as to be 
able to make repairs on the connecting 
wires, which usually burn off very 
close to the housing. This connection 
cannot be made on the outside. These 
field cores fit so closely that it is al- 
most impossible to remove them with- 
out injury to the windings with al 
the methods that I have tried so far. 
Madisonville, Ky. E. F. L. 


What Causes These Brushes to Chatter? 
—I have a three-phase, 440-volt,70 hp., 
slip-ring motor which is giving trouble 
from chattering of the brushes. Every- 
thing that I know of has been tried 
to prevent this, but without success. 
The brushes will stop chattering im- 
mediately after the slip rings are 
sanded slightly while the machine is 
in operation. But after several hours 
they begin to chatter again. I shall 
appreciate it very much if some of the 
readers of INDUSTRIAL ENGINEER will tell 
me how I can overcome this trouble. 
Los Angeles, Calif. P. B. 


te * oa * 


Emergency Excitation for Generators— 
For exciting our generators we have 
one motor-driven exciter which is nor- 
mally in use. After the station has 
been completely shut down, we have 
one steam-turbine-driven exciter 
which is used for starting. Suppose 
that when we attempt to start up, the 
steam-driven exciter should break 
down. How could we excite our field? 
Could it be done by using several au- 
tomobile storage batteries in series? 
For exciting our generator at no load, 
we require 60 amp. at 65 volts and it 
would be necessary for this supply to 
be on for approximately 10 min. Would 
it be practicable to use eleven 6-volt 
storage batteries in series for supply- 
ing this excitation? If so, what ca- 
pacity should the storage batteries 
have? I shall appreciate any informa- 
tion that readers can give me on this 
problem. 

Medicine Hat, Alta., Can. E. R. S. 





Answers Received 
To Questions Asked 


Rewinding 110-Volt Generator for 6 
Volts—I have a i110-volt, 0.25-kw., 
2,000-r.p.m., shunt-wound generator 
and should like to know if it can be 
reconnected or rewound to give six 
or eight volts, for charging storage 
batteries. If so, will some _ reader 
please give me some information on 
the size of wire to use, number of 
turns and so on? 

Allentown. Pa. A. SEB; 
With reference to the question asked 

.by A. H. S. in the May issue, he does 

not state the size of wire in the arma- 

ture or field or give any data regard- 
ing the commutator segments. The 

present output of the generator is 0.25 

kw. at 110 volts, which would be ap- 

proximately 186 watts, with a current 
of 1.7 amp. To change this over so 
that 6- to 8-volt storage batteries could 
be charged, would necessitate rewind- 
ing the armature and fields for 12 
volts. Assuming that the output would 
be the same as on 110 volts, the wire 
in the armature would have to carry 
approximately 15.5 amg» It is doubt- 
ful whether the commutator segments 





would handle the current without giv- 
ing trouble. Also, the brushes and 
brush holders would have to be remod- 
eled. 

A. H. S. can determine the present 
size of wire and count the number of 
turns in the field and the number of 
turns per armature slot. In rewind- 
ing the armature and field coils, de- 
crease the number of turns approxi- 
mately in the ratio to the decrease in 
voltage; that is, in the ratio of 110 
to 12. Also, increase in the size of 
wire so as to enable it to carry 15.5 
amp. 

This is a rough method, but with the 
data at hand this is all the informa- 
tion I can give. I might state, how- 
ever, that I do not think it practicable 
to change this machine over for the 
low operating voltage. 


Chief Electrician, WILLIAM B. CONE. 
Shevlin-Hixon Co., 
Bend, Ore. 


of * ok * 


Operating Motors in Parallel on Bridge 
Motion of Crane—Two series motors 
are used to drive the bridge motion of 
one of our cranes. Each motor drives 
one set of track wheels, so that the 
two motors are practically operating 
in parallel. They are controlled by 
two contactor panels operated from 
one master switch. With this combi- 
nation the armature burnouts were so 
frequent that it was decided to connect 
the armatures of the two motors in 
series and the fields in parallel. As 
we still had burnouts it was decided 
to connect the armatures and fields all 
in series. This has eliminated a great 
deal of the trouble, but it reduces the 
speed of the bridge. 

I would like to know what is the 
cause of the trouble that I have been 
experiencing. Can some reader sug- 
gest a method of connection that will 
eliminate the trouble from burnouts 
and at the same time give normal 
speed on the motors? 

Indiana Harbor, Ind. A. FR D. 


With reference to A. R. D.’s question 
in the May issue, the two motors on 
the crane bridge might to great advan- 
tage be connected with the armature of 
each in series with the field of the 
other. This arrangement would bring 
the motor speed up to normal and also 
would make an equal division of the 
load between the two motors. It is un- 
derstood that one controller is now used 
for the two motors. If this is not the 
case, it is believed that such an ar- 
rangement should be made, as then each 
motor would be working under the 
same conditions at all times. The con- 
trol equipment and wiring on the 
bridge would be reduced almost 50 per 
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cent by using only one controller. Like- 
wise, the expense for spare parts for 
the controller would be reduced in the 
same proportion, while the probable 
time lost by the crane due to electrical 
trouble with the bridge equipment 
would be reduced by more than 50 per 
cent. D. W. BLAKESLEE. 
Electrical Engineer, 


Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 


* * * * 


In answer to A. R. D. in the May 
issue, I would say that his second 
method of connecting the two motors in 
parallel is correct. I would suggest that 
he check up on the control, and check 
the fields for roasted coils, partial 
shorts, and polarity. Then if the mo- 
tors appear to be all right, make am- 
meter tests on both motors to. see 
whether or not the motors are over- 
loaded. Also, make sure that the crane 
is in good condition mechanically. 

We recently had a series motor on 
the trolley of one of our large cranes 
which gave us considerable trouble. 
The armature drew an abnormally 
large amount of current, sparked badly 
at the brushes, and finally burned out 
the armature. On taking the motor 
apart, we found that it had been run- 
ning for some time with some of the 
poles having incorrect polarity. 

Detroit, Mich. A. J. CONWAY. 


* * * * 


Polarity of Transformer—dAfter reading 
the article on “Checking and Testing 
Transformer Connections” on page 560 
of the December, 1924, issue of INDUs- 
TRIAL ENGINEER, I am somewhat con- 
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fused as to the relationship between 
the primary and secondary voltages for 
transformers of different polarities. 
Assume a transformer having primary 
and secondary voltages in the winding 
as shown by the arrows in the dia- 
gram. Can some reader tell me 
whether this transformer has additive 
or subtractive polarity, and why? 
Chicago, Il. a 38; ¥. 


In reply to the first part of the 
question asked by G. A. V. in a recent 
issue, the whole trouble and misunder- 
standing are due to the fact that not 
enough attention has been given to the 
terminal markings of the diagram and 
too much attention and weight have 
been given to the arrows without un- 
derstanding what they mean. In fact, 


it might be better to eliminate the ar- 
rows entirely as they seem to be the 
cause of all the misunderstanding re- 
garding the polarity. 

Disregard the arrows for the moment 
and you will see that Figs. 1 and 2 on 
page 561 of INDUSTRIAL ENGINEER, 





ENGIN 


NDUS 


and which are shown in the accom- 
panying diagrams, are correctly 
marked for subtractive polarity and ad- 
ditive polarity, respectively, in accord- 
ance with the definition of polarity as 
given in Electric Power Club rule 9077 
and in accordance with rules 5407, 5411 
and 5412. The latter three rules cover 
the marking of the leads. 

Rule 5412 states that the numbering 
of leads shall be so applied that when 
H,; and X; are connected together, and 


220 Volts A.C. 220 Volts A.C. 





x; X2 
Subtractive 
polarity polarity 
F1G.1 F1G.2 


Methods of testing transformers 
for polarity. 


In Fig. 1 two adjacent high-and 
low-tension terminals, H, and X, 
are connected together and a volt- 
meter is connected to the other two 
adjacent terminals, Hz and X2 The 
220-volt, alternating-current power 
is applied to the high-tension wind- 
ing as shown. If the voltage meas- 
ured on the voltmeter is less than 
the voltage applied to the high- 
tension winding the transformer 
has subtractive polarity, as shown 
in Fig. 1. If the voltage reading is 
greater than the supply voltage, the 
transformer has additive polarity, 
as shown in Fig. 2. 





voltage applied to the transformer, the 
voltage between the highest numbered 
H lead and the highest numbered X 
lead shall be less than the voltage of 
the full high-voltage winding. From 
this it will be seen that the voltmeter 
in Fig. 1 must read less than the volt- 
age of the highest voltage winding. 
By the definition given in rule 9077, 
this makes the transformer have sub- 
tractive polarity. For the same rea- 
son, the voltmeter in Fig. 2 must read 
more than the voltage in the high-volt- 
age winding, making its polarity addi- 
tive. These requirements for additive 
and substractive polarity are not af- 
fected by any arbitrary use of unde- 
fined arrows. 

If arrows are used at all, they should, 
to be consistent, have the same mean- 
ing in both primary and secondary 
windings. In other words, they should 
both point either from or toward the 
highest numbered lead in both cases 
and this condition will be fulfilled if 
the arrows are assumed to represent 
induced voltages in both windings. 
This will not only prove consistent with 
the rules already mentioned for the 
numbering of the leads, but will also 
make the voltages in the case of in- 
terconnection between the two wind- 
ings, add or subtract according to the 
arrows. 

The arrows cannot represent induced 
voltage in the secondary and impressed 
voltage in the primary with the lead 
markings as shown. 

Referring now to the latter part of 
the question asked by G. A. V., it is 
impossible to answer this as it stands, 
although the arrows are said to repre- 
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sent primary and secondary voltages. 
The question does not state whether 
these arrows represent induced or im- 
pressed voltages, nor does the diagram 
give any terminal markings. The dia- 
gram therefore, can be said to repre- 
sent additive or subtractive polarity, 
depending upon what primary or sec- 
ondary voltages the arrows are sup- 
posed to represent, or what terminal 
markings are given to the leads. 

If arrows are to be used in the dia- 
gram, it is better to have them repre- 
sent induced voltages in both the pri- 
mary and secondary windings. This 
produces perfectly consistent diagrams 
in that both the direction of the ar- 
rows and the markings of the leads 
will agree. However, as I have stated 
before, it might be simpler to eliminate 
the arrows altogether and use just the 


terminal markings. S. N. CLARKSON. 
Executive Secretary, 

The Electric Power Club, 

Cleveland, Ohio. 


* * * * 


In reply to the question asked by 
G. A. V. in a recent issue the trans- 
former has subtractive polarity if the 
high-tension voltage as shown in the 
diagram is the impressed or line volt- 
age, and if the low-tension voltage is 
the induced voltage. On the other hand, 
if both arrows are taken as indicating 
induced voltages, then the polarity of 
the transformer is additive. 

To make this clear I am showing the 
relation between the impressed or line 
voltage and the induced voltage, in the 
accompanying diagram. We know that 
when voltage is impressed on any coil, 
there is an induced or counter-voltage 
in opposition to the impressed voltage. 


Impressed 
votrage 





. 
. 
‘ 


<————e---.. 
\ 
NAW ic 


mee voltage or 
~>-~-1_ counter EMF 








Relation between 
induced voltages. 


The voltage impressed on the pri- 
mary of the transformer causes a 
current to flow which generates a 
flux. This flux acts on both the 
primary and secondary windings 
and induces a voltage that is op- 
posed to the impressed voltage. 


impressed and 





This induced or counter-voltage is the 
same in both windings, since both wind- 
ings enclose the same magnetic field. 
We believe that a good bit of the con- 
fusion regarding the question of polar- 
ity is due to the terms, impressed and 
induced voltage. When these are sepa- 
rated or specified the solution becomes 
simple. J. B. Hoptum. 
Western District Office, 

Pittsburgh Transformer Co., 


Chicago, Ill. 
ee se ee 


Answering the question by G. A. V. 
in a recent issue,.the transformer 
shown in his sketch has subtractive po- 
larity if the arrows are taken as rep- 
resenting the instantaneous direction 
of current in the primary and second- 
ary windings. Granting that the arrow 
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on the primary winding indicates the 
direction of the impressed current and 
likewise the direction of the impressed 
voltage, then the arrew on the second- 
ary winding would show the direction 
of the induced current and induced volt- 
age. In the case shown in G. A. V.’s 
diagram, these arrows are opposed to 
each other; consequently, if the left- 
hand, high-tension and _ low-tension 
leads be connected together and a volt- 
meter connected across the right-hand, 
low-tension and high-tension leads, and 
at the same time the high-tension wind- 
ing be excited, the voltmeter will read 
the difference in the two voltages and 
since this would be less than the value 
of the impressed primary voltage, the 
transformer would have subtractive po- 


larity. ERNEST DICKINSON. 
Kimberley, B. C., Can. 


* * * * 


In the question asked by G. A. V. is 
shown a diagram indicating a trans- 
former having additive polarity. The 
usual method for testing this is very 
clearly indicated in Mr. Staubitz’s ex- 
cellent article in the December issue 
of INDUSTRIAL ENGINEER, where he ex- 
plains the diagrams on page 561. Ad- 
ditional explanation going further into 
the details of what actually happens 
in the transformer winding may also 
be helpful. 

In an alternating-current circuit, the 
voltage is zero at one instant, then in- 
creases to full value in the positive 
direction, reverses and falls to zero, in- 
creases in the negative direction and 
then falls to zero again. There are 
60 of these complete cycles per second 
in a 60-cycle circuit. Whenever the 
voltage increases in one direction or 
the other, lines of magneto-motive force 
are caused to increase in the iron of 
the transformer. These lines of force are 
not only enclosed by the primary coil, 
but also by the secondary coil and there- 
fore an induced voltage is produced in 


the turns of both windings and both. 


will be in the same direction at the 
same time. Since the voltage is con- 
stantly changing in this manner, we 
will consider the conditions existing in 
the transformers at one particular in- 
stant. 

Assume that at a certain instant, 
voltage is impressed in the primary of 
a transformer. This causes a mag- 
netic flux in the transformer iron as 
indicated by the dotted-line arrows in 
the iron of the transformers in the 
accompanying diagrams, A, B, C, 
and D. 

It should be noted that the voltage ar- 


rows which represent induced voltages . 


in the windings will all take the same 
direction because the voltages in both 
the primary and secondary windings 
are induced by the same flux. This 
holds good whether the secondary is 
wound counter-clockwise as in trans- 
formers A and B, or clockwise as in 
transformers C and D. An inspection 
of the method of winding these 
transformers will indicate that this 
does not affect the polarity. The po- 
larity is determined entirely by the 
way in which the transformer leads 
are brought out of the transformer 
tanks. According to the A. I. E. E. 


standards “the polarity of a trans- 
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former is subtractive when H; and X;: 
are adjacent, and additive when H; 
is located diagonally across from X:.” 
Furthermore, the rules state that 
“the H, lead should be brought out at 
the right-hand side of the case when 
facing the high-voltage side of the 
case.” Transformers A, B, C and D all 
have the H; lead so located. All of 
these transformers have the primary 
windings, wound counter-clockwise. 
Transformer A has its secondary wind- 
ing also wound counter-clockwise and 
by making the voltmeter test as de- 
scribed in Mr. Staubitz’s article (that 
is, connecting two adjacent leads, say 
H, and X;, and connecting a voltmeter 
across H; and X:), it will be seen that 
the polarity of this transformer is ,sub- 
tractive. Transformer B, however, is 
wound exactly the same way, but the 
secondary leads are crossed before 
bringing them out of the tank, so that 
connecting the same two adjacent leads 
we get H; and X: connected together 
and the voltmeter test shows this trans- 
former to have additive polarity. In 
order to make this transformer operate 
in parallel with transformer A, it is 
therefore necessary to cross the leads 
again, when connecting it in parallel 
with transformer A. Transformer C, 
although it has the secondary wound 
exactly opposite to transformer A, is 
made to have subtractive polarity the 
same as transformer A, by crossing 
the leads before bringing them out of 
the tank. Transformer D has its sec- 
ondary wound exactly the same as 
transformer C, but because the leads 
were not crossed before bringing them 
out of the tank, it will be necessary 
to reverse them afterwards in order to 
have this transformer operate in paral- 
lel with the other three transformers. 
However, since the polarity of a trans- 
former is determined entirely by the 
way the leads are brought out, ‘its 
polarity is opposite to that of C. 





These transformers are correctly 
connected for parallel operation, 
although they are of different 
polarities caused either by the 
primary and secondary windings 
being wound in opposite directions 
or by crossing the secondary leads 
within the transformer case. 


voltage (/impressed) 


Primary - 





Secondary -Low voltage 


Subtractive Addi tive 
polarity polarity 


A B 
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If the leads on any one of the four 
transformers shown were arranged so 
that its X: lead was connected to the 
same bus as the X, leads of the other 
transformers, and its X; lead connected 
to the same bus as the X; leads of 
the other transformers, there would be 
a surge of current through the second- 
ary windings which would cause fuses 
to blow or circuit breakers to open. 

RoGer F. EMERSON. 
Industrial Engineering Dept., 


General Electric Co., 
Schenectady, N. Y 


* * * * 


In reply to the question asked by 
G. A. V. in a recent issue, I would say 
that the polarity of the transformer 
shown in the diagram is additive. I 
would refer you to the definition of 
polarity given by the American Insti- 
tute of Electrical Engineers, which is 
as follows: 

“If the primary and secondary wind- 
ings have a relation such that the two 
leads nearest each other can be joined 
together and the voltage across the two 
windings is greater than the voltage 
of the high-tension winding, then the 
polarity is additive or increasing. If 
less, the polarity is subtractive or de- 
creasing.” THos. M. HUNTER. 


American Transformer Co., 
Newark, N. J. 


* * * & 


In reply to the question asked by 
G. A. V. in a recent issue, I would 
say that a transformer having the 
characteristics as outlined in his dia- 
gram has additive polarity. A trans- 
former having subtractive polarity has 
its secondary so connected that the in- 
duced current opposes or bucks the 
current of the primary. In other 
words, the currents act against each 
other in the same way that two streams 
of water would should they be turned 
against each other. When the trans- 
former has additive polarity the two 
currents work together. 

Riverside, Cal. PHIL D. COMER. 


* os * * 


With reference to the question asked 
by G. A. V. I think that the following 
discussion will solve his problem. 

In Fig. 1 of the accompanying dia- 
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gram, the high-voltage and low-voltage 
sides of the transformer. are wound in 
the same direction, assuming that H;: 
and X; are the starting points. 

In order to prevent confusion it is 
advisable to neglect current and think 
only in terms of induced voltages. 
Since the same flux induces both the 
high and low induced voltages, they 
must be in the same direction in each 


turn. However, whether they will ap- 
Ht OMe 
Xe Xs 








lg ae 


Figs. 1 and 2—Polarity is the rel- 
ative direction of the induced volt- 
age from H; to H: as compared 
with that from X; to X2. 


When the. induced voltages of the 
high- and low-voltage sides are in 
the same direction, as in Fig. 1, the 
polarity is subtractive and when 
the induced voltages are in oppo- 
site directions, as in Fig. 2, the 
polarity is additive. 























pear in the same or opposite directions 
as viewed from the terminals depends 
upon the relative direction of the wind- 
ing. Thus, in Fig. 1, voltages HH, 
and X,X; are in the same direction and 
in Fig. 2 voltages HiH, and X2X; are in 
opposite directions. If we take the or- 
der of lettering to indicate the direc- 
tion of the induced voltage, then in Fig. 
1 voltages H:H: and X:X: are in the 
same direction and in Fig. 2 voltages 
H;H; and X:2X; are in opposite direc- 
tions. 

Referring to the tank sketches at the 
top of Figs. 1 and 2, polarity is the 
relative direction of induced voltage 
from H, to H: as compared with that 
from X; to X:. When the induced volt- 
ages of the high- and low-voltage sides 
are in the same direction, as shown in 
Fig. 1, the polarity is subtractive and 
when the induced voltages are in the 
opposite directions, as shown in Fig. 2, 
the polarity is additive. 

M. F. MITSCHRICH. 


Moloney Electric Co., 
St. Louis, Mo. 


* * *# 


In reply to the query of G..A. V. 
in a recent issue, I find the following 
a very easy way to remember the rela- 
tive polarity of transformers. My 
method is to follow the polarity arrows 
on -both the primary and secondary 
sides right through. If they help each 
other (add to each other) the trans- 
former is of additive polarity. In other 
words, in the diagram given by G. A. V., 
if he will start at the left-hand 
side of the high-tension winding and 
follow through. the winding in the di- 
rection of the arrow and then go down 
to the adjacent low-tension side at the 
right and go through this winding, he 
will find that he will have traveled 
through both windings in the same di- 
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rection as the arrows indicated. On 
the other hand, however, if one of the 
arrows is opposed to this direction of 
travel, then the transformer is thought 


of as being subtractive. This is a very: 


easy way to remember the polarity. 
EDWIN W. LINDOP. 

Service Department, 

General Electric Co., 

Los Angeles, Cal. 


* * * # 


Using Vacuum Pump as Air Com- 
pressor—I have a Wahl vacuum pump, 
size 4 in. by 2% in. with %-in. inlet 
and outlet, which I wish to use as an 
air compressor.. The pressure in the 
air tank need not go over 125 lb. per 
sq. in. Will someone please tell me, 
(1) What size motor would be required 
to drive this pump at 275 r.p.m. (2) 
Will it be necessary to make provision 
for cooling this pump artificially, by 
means of air fins or water, in order 
to keep the temperature down to a 
safe limit? ( 3) How do you figure the 
cubic inches of air compressed per 
stroke? 
Dallas, Tex. R. E. L. 
In the May issue are answers by 

R. A. Kiefer and E. H. Laabs to a ques- 

tion by R. E. L. on the practicability 

of using a 4-in. by 2%4-in. vacuum 
pump as an air compressor to work 
under a pressure of 125 Ib. per sq. in. 

Mr. Kiefer condemns the idea because, 

he thinks, the cylinder is not strong 

enough to stand a pressure of 125 Ib. 

The formula for the required thick- 
ness of a cylinder subjected to internal 
pressure is t=—(PXd)~—(2xXS), in 
which t is the thickness of cylinder wall 
in inches, P the pressure per sq. in., 
d is the bore of the cylinder in inches 
and S the working strength of the ma- 
terial. 

In the case that was under discussion, 
with P=125 lb., d=4 in., and S (cast- 
iron)—=2,500 Ib., the required thick- 
ness is t—(125*4)~—(2X2,500)=0.1 
in. Surely, the cylinder wall is 0.1 in. 
in thickness! Because of practical con- 
siderations, the thickness of the wall 
of the cylinder of R. E. L.’s vacuum 
pump is probably not less than 0.5 in.; 
so it would seem that strength is not 
an important consideration. 

In figuring the capacity of the com- 
pressor, Mr. Laabs evidently assumes 
100 per cent volumetric efficiency. A 
compressor of the size under discus- 
sion would probably have a volumetric 
efficiency of about 75 per cent; so the 
capacity at 275 r.p.m. would be (as- 
suming a single-acting machine) 3.75 
cu. ft. free air per minute. 

Single-stage compression to 125 Ib. 
is not considered good practice because 
it is less efficient than two-stage com- 
pression and, worse still, produces a 
temperature that is destructive to lu- 
bricating oil. The adiabatic tempera- 
ture of air compressed to 125 Ib. gage, 
is above 500 deg. F.; so any system 
of cooling that R. E. L. succeeds in 
applying to this compressor will prob- 
ably not prevent some trouble in main- 
taining lubrication. 

The reason for reducing the size of 
outlet from % in. to a %-in. or %4-in. 
check-valve, as recommended by Mr. 
Laabs, is not clear. The only effect 


that this reduction would have would 
be a slight restriction to the flow of the 
air—and perhaps lower cost of valves 


and fittings. 
Los Angeles, Cal. 


C. O. SANDSTROM. 
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Trouble With Rewound Automobile Gen- 
erators—I have been rewinding some 
automobile generators, but in spite of 
the fact that I always check up the 
old winding and make the new one as 
nearly like it as possible I sometimes 
have trouble in getting the proper 
amperage out of the generator. The 
voltage will be up to normal, six volts, 
but the charging rate is too low. I 
wish some reader who has had experi- 
ence in such work would give me some 
suggestions as to where the trouble 


may be. 
Bathurst, N. B., Can. H. J. M. 


In answer to H. J. M.’s question in 
the March issue, I believe that his 
trouble is due to improper connection 
of the leads to the commutator. From 
his description it would appear that the 
leads have been dropped back too far, 
that is, dropped in the direction of 
rotation. All automobile generators are 
driven in the same direction as the en- 
gine turns and the third brush is ad- 
justed in the direction of rotation to 
increase the amperage or output. If 
the leads come to the commutator one 
bar ahead of the place where they were 
in the original winding, the output may 
be cut down. On the other hand, if 
they are put in the commutator one bar 
.behind the original position, the output 
will be increased and the third brush 
must be moved opposite to the direction 
of rotation to cut down the output. 
Changing the third brush a fraction of 
an inch will sometimes change the 
charging rate 8 or 10 amp. 

It is also quite possible that 
H. J. M.’s trouble is due to weak field 
coils as these will keep the charging 
rate down, especially if they are old 
and oil-soaked. 
Albany, Ga. B. BELCHER. 


* * * * 


Thickness of Mica Required for Slot In- 
sulation—Will some_ reader _ please 
tell me what thickness of mica 
should be used to replace one layer 
of 0.007- or 0.010-in. varnished cam- 
bric and one layer of 0.007- or 0.010- 
in. fishpaper for slot insulation? 

St. Louis, Mo. L. 

In answer to L. C. R. in the March 
issue, the thickness of any slot replace- 
ment insulation depends not only upon 
the dielectric strength of the insulation 
but upon the thickness of the original 
and of the replacement insulation. 
Naturally, less mica insulation will be 
required for a given dielectric equiva- 
lent than when varnished cambric and 
fishpaper are used, but if no more than 
the dielectric equivalent is used the coil 
will be loose in the slot and subject to 
vibration with ultimate breakdown. 

Authorities differ considerably on the 
dielectric strength of materials. For 
general reference, however, the follow- 
ing values may be used: 

Varnished cambric, 1,000 volts per 
mil. Fishpaper, 200 volts per mil. 

The dielectric strength of mica varies 
from 2,000 volts for 2- and 3-mil amber 
mica to 4,000 volts for ruby mica. 
West Allis, Wis. EDWARD JAMES. 


Le i 


In answer to L. C. R.’s question in 
the March issue, he does not state what 
type of motor, that is, d. c. or a. ¢., or 
whether open or partly-closed slots are 
referred to. In the case of open slots, 
on either d. c. or:a. c. machines, the 
following information may be of help 
to him. 

One thickness of 0.015-in. or 0.020- 
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in. molding mica (Westinghouse No. 
251 mica plate) can be cut the right 
width to suit the depth of the slot and 
a trough cut in a piece of hard wood 
which is the same width and depth as 
the slot and slightly longer than the 
core. Then cut a piece of wood the 
correct size to act as ee male part 
of the mold, heat the mica plate and 
form it in the above mold, keeping it 
under pressure until cold. 

Or No. 240 cambric and mica can be 
used. This comes in sheets 25 in. by 
52 in. and is 0.013 in. thick. It can 
be cut and applied like fishpaper, etc. 

There is a grade of flexible mica, 
No. 237, that comes in sheets 24 in. by 
36 in. and 0.005 in., 0.010 in., 0.015 in., 
0.020 in. and # in. thick. This mate- 
rial can be cut and applied cold like 
varnished cambric for coil cells, but for 
slot insulation a backing of fishpaper 
is required. I would suggest the fol- 
lowing: 0.010-in. flexible mica between 
two pieces of 0.004-in. fishpaper. This 
will give mechanical protection to both 
sides of the mica cell. 

For slot insulation to be applied to 
the coil, I would suggest one and one- 
half turns of 0.010-in., No. 237 flexible 
mica or one and one-half turns of 0.012- 
in. No. 232 mica and fishpaper. 
Wilkinsburg, Pa. A. C. Roe. 


* * * * 


In answer to L. C. R. in the March 
issue, mica does not have sufficient me- 
chanical strength to be used alone for 
slot insulation. It can, however, be 
used with a fishpaper backing. Fish- 
paper and mica glued together so as to 
form one sheet may be purchased. The 
standard thickness of this material is 
0.012 in. 

If you cannot obtain fishpaper and 
mica in this form, use fishpaper of the 
same thickness that was originally used 
in the slot and mica which is equal in 
thickness to the varnished cambric. 
Boulder, Colo. RALPH MCKINNEY. 


* * * * 


In answer to L. C. R.’s question in 
the March issue, I would advise using 
all the available space that he will 
have in the slot after the removal of 
varnished cambric and fishpaper, for 
the mica. The additional thickness will 
enable the coils to stand the heat bet- 
ter and. will also give a larger factor 
of safety in the winding. 

Fishpaper tests at about 200 volts 
per mil thickness. A 7-mil paper 
would, or should, when dry, stand about 
1,200 volts. This paper ordinarily has 
about 8 per cent moisture. If the mois- 
ture content is very high the paper is 
a very poor insulator. 

Varnished cambric should stand from 
500 to 1,000 volts per mil thickness, 
up to about 20 mils thickness. A 10- 
mil thickness of varnished cambric 
would, of course, stand a test of ap- 
proximately 5,000 volts. 

Amber mica tests about 2,000 volts 
per mil, and white or clear mica tests 
about 3,000 to 4,000 volts per mil thick- 
ness. Clear mica in its original state 
is not flexible enough to use for coil 
insulation. It can be cut to fit the 
slots for the side of the coil insulation, 
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and a strip cut for the bottom, the 
width of the slot. Mica cloth or some 
similar flexible material should be used 
to insulate the coils. Slot insulation 
ean also be formed of molding mica. 
As slot insulation these materials 
could not be rated at such high voltage 
as the tests indicate. From L. C. R.’s 
question I judge that the voltage is 
220 or 440. Also the coils probably 
have some insulation, at least cot- 
ton tape which, when it is properly im- 
pregnated, will test about 1,000 volts 
per mil. 

The table given below for slot insu- 
lation thickness is found in Prof. Stills’ 
book “Principles of Electrical Design,” 
published by McGraw-Hill Book Co. 
This table is for one side of slot only. 
These figures also apply to the thick- 
ness of the insulation to use between 
upper and lower coils in slots. 


INSULA- 
TION, 
VOLTAGE INCHES 
D. c. machines up to 250 0.035 
500 0.045 
1,000 0.06 
1,500 0.075 
A. c. machines up to 1,500 0.075 
2,000 0.080 
4,000 0.120 
8,000 0.190 
12,000 0.270 


Birmingham, Ala. GRADY H. EMERSON. 


Connecting Commutator Leads of G. E. 
25-Cycle Desk Fan Armatures—Will 
some reader please tell me the gen- 
eral layout of the coils and how the 
top and bottom leads are connected to 
the commutators of G. E., Type AOU, 
Form V2, 25-cycle desk fan arma- 
tures? I have rewound two different 
armatures without much success, for 
when the fan is connected across the 
line the armature rotates only very 
slowly, with the fan removed. 
Phoenix, Ariz. Pst. 3. 


In the April issue F. R. S. asks for 
information on connecting a G. E. desk 
fan, Type AOU, form V2. 

The accompanying connection dia- 
gram shows the coil throw and commu- 
tator connections. I trust this will give 
F. R. S. the information he desires. 
Data Bureau, « E. A. OTTO. 


Pittsfield Division, General Electric Co., 
Pittsfield, Mass. 





This diagram shows the coil throw 
and commutator connections of 
G. E., Type AOU,. form V2 desk 
fan armatures. 
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How to Use Megger for Testing Insula- 
tion of Motors—I wish some reader 
would give me a few suggestions on 
the proper method of using a megger 
for testing the insulation resistance of 
motors. I should also like to know 
what is considered a satisfactory read- 
ing when testing 110/550 volt, a. c. 
and d. c. motors ranging from 5 hp. 


to 50 hp. 
Latrobe, Pa. 5. KW. 


Answering J. K. W. in the March 
issue, the manufacturer of the megger 
can give the best and most reliable in- 
formation, but for general purposes, 
the following covers the necessary 
points to consider: In using a meg- 
ger, connect the terminal marked 
“earth” to the frame of the machine 
to be tested; the other terminal should 
be connected to the line or coils of 
which the insulation resistance is to be 
tested. Turn the crank as rapidly as 
possible, and take the reading on the 
scale while the megger is running at its 
highest speed, which will be just be- 
fore the clutch slips out. 

The following formula can be used to 
check the results of the test and de- 
termine the condition of the insulation: 
Insulation resistance in megohms=ma- 
chine voltage (rated kva.+-1,000). 

For example, a 2,200-volt motor rated 
at 1,500 kva. should have an insula- 
tion resistance of 880,000 ohms. 

The formula given above applies only 
to dry apparatus. Such high values 
are not attainable in oil immersed ap- 
paratus. It must be borne in mind 
that these values apply only at operat- 
ing temperatures. A motor measuring 
two megohms when cold will in gen- 
eral only show a fraction of a megohm 
at operating temperatures. 

Chief Electrician, LEE F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 


* * * % 


In reply to J. K. W. in the March 
issue, I would suggest that he, and 
any other readers who wish such in- 
formation, write to James G. Biddle, 
1211 Arch St., Philadelphia, Pa., whose 
advertisement appears on page 49 of 
the March issue of INDUSTRIAL ENGI- 
NEER, and ask for pocket manual 1060E 
which will give more information than 
it is possible to incorporate in a rea- 
sonable answer to this question. This 
booklet gives the A. I. E. E. and the 
Underwriters’ regulations. The manu- 
facturer of the motors can also fur- 
nish prints showing requirements for 
megger readings under various condi- 
tions. 

For the benefit of those who are not 
interested in the publication mentioned 
above, a reading under one megohm is 
considered unsatisfactory. Readings on 
cold machines of the rating specified in 
the question may vary from 1 to 5 
megohms. Temperature greatly affects 
the readings, the resistance decreasing 
with increase of temperature. When 
testing the machine should be “dead.” 
Connect one line to ground from the 
proper side of the megger, as marked, 
and the other line to the conductor or 
portion to be tested. The crank should 
be turned not in excess of 120 r.p.m. 
About 500 volts will be generated at 
this speed; if the crank is turned at a 
higher rate of speed the insulation may 
be punctured. A direct reading of in- 
sulation resistance is shown on scale. 

Tests can be made between phases 
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in the same manner by connecting lines 
from megger to phase leads. An im- 
portant point to note in testing ma- 
chines to ground is that lines from the 
machine may be the cause of poor read- 
ings. If doubt should arise in this 
matter the lines can be disconnected, 
the machines tested as units and the 
lines tested separately. 

As stated before, readers will find 
it highly advisable to procure pocket 
manual 1060E or a similar manual 
from the maker of their instrument. 
West Allis, Wis. EDWARD JAMES. 


8 * * a 


In reply to J. K. W. in the March 
issue, the insulation resistance of low- 
voltage, up to 600 volts, a. c. or d. ¢. 
motors, should be as much as 1 to 5 
megohms on a cold machine. When the 
machine warms up the insulation re- 
sistance will be lowered. When test- 
ing 110- or 220-volt machines, it is 
best not to turn the crank of the meg- 
ger more than 120 r.p.m. 

When cold, the resistance of high- 
voltage machines is about 90 to 100 
megohms. One megohm is considered 
the limit of safe insulation resistance 
for low-voltage machines. 

The values given above apply to mo- 
tors up to 100-hp. rating. I hope that 
this information will be of some assist- 
ance to J. K. W. 

Chief Electrician, 


E. I. du Pont Co., 
Newark, N. J. 


H. CHARLTON. 


In answer to J. K. W. in the March 
issue, the megger should not be of too 
high range; a scale reading from 0 to 
200 megohms is ample. With this scale 
readings as low as 10,000 ohms may be 
obtained. The megger should be placed 
on a level, solid support. The line 
wires should be connected to the wind- 
ing to be tested and the ground or 
earth wire to the frame of the machine. 
These wires should be firmly fastened 
and not held in the hand. If the line 
wire is held in the hand, the reading 
will probably be the insulation resist- 
ance of the body to ground. If neces- 
sary, the wires may be supported by 
dry strings so that they will not touch 
each other, or any part of the machine 
except that to which they are attached. 

When using the megger, do not try 
to bring up the speed too rapidly, or 
you may damage the instrument. Turn 
the handle at such a rate that the 
clutch slips. Continue at this speed 
until you obtain a constant reading. 
This will require only a few seconds 
for small motors, but may take a min- 
ute or more for large generators, due 
to their capacity. A slight shock may 
be received if the wire is removed be- 
fore the generator in the megger has 
come to rest. 

Any reading over one megohm is 
usually considered satisfactory for 
motors operating under 600 volts. If 
the motor is dirty or damp, it should 
be thoroughly cleaned and dried. Then 
test it again and keep a record. The 
motor should be tested at regular in- 
tervals and when the test shows a much 
lower reading than was obtained when 
the motor was known to be in good con- 
dition, it should be overhauled at once. 
Boulder, Colo. RALPH MCKINNEY. 
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Rewinding Armature Increased Speed— 
1 recently rewound the armature of 
a 100-hp., four-pole, shunt-wound, 
Northern motor and wish someone 
would tell me what is the matter with 
it. This armature had 110 bars and 
55 slots and was wave-wound, with 
one dead coil and one half-idle bar. 
The coil pitch was l-and-13 and the 
commutator pitch l-and-56. When we 
rewound it one bar was taken out, 
which left 109 bars and one dead coil. 
I am not sure whether the commutator 
pitch was 1l-and-56 or l-and-55. When 
the armature was put back in the 
motor it ran at about 1,600 r.p.m., the 
commutator got hot and the bands 
threw solder, although the controller 
was on only the third point. I exam- 
ined the field connections and took the 
voltage drop across each field coil; 
everything tested out OK. As a fur- 
ther check, a spare armature was put 
in this motor, and ran perfectly. Any 
suggestions you can give will be very 


v elcome. 
Wisconsin Rapids, Wis. Ws Be Ex. 


In answer to W. B. L.’s question in 
the April issue, I would suggest that 
he check up the span of his coils and 
see if he did not drop a slot. The com- 
mutator pitch on this armature should 
be l-and-56. I know that in winding 
d. c. armatures if a slot is dropped in 
placing the coils in the armature, the 
motor will run up to or above normal 
speed on the first point of the rheostat. 
I recall one instance where one slot 
was dropped by mistake when rewind- 
ing the armature of a shunt-wound 
motor. When the motor was assembled, 
it ran above the speed given on the 
nameplate, when the controller was on 
the second point. The normal speed 
was 400-1,600 r.p.m., and the motor ran 
at 1,800 r.p.m on the second point. The 
field coils were checked for continuity 
and the pole pieces were removed to see 
that there was no rust or dirt under 
them. We finally wrote to the manu- 
facturer asking for data on this ma- 
chine and from his reply learned that 
the coils did not span enough slots. The 
armature was taken out and one side of 
the coils raised and spread to the next 
slot and the leads again laid down. 
After assembling this motor, it ran 
perfectly, showing clearly the cause of 
the trouble. 

I hope that this experience will be of 


some benefit to W. B. L. and other. 


readers of INDUSTRIAL ENGINEER. 
Albany, Ga. B. BELCHER. 


k * * * 


In the April issue W. B. L. mentions 
the trouble which he has had with a 
100-hp. armature that was rewound. 
The fact that one bar was left out 
would, if anything, tend to help the 
commutator. He says that there are 
55 coils. The nearest correct span of 
coils would be 1-and-14 instead of 1- 
and-18. A throw of l-and-13 comes 
out 1-13-25-37-49. A throw of 1-and-14 
comes out 1-14-27-40-53, which is 
nearer to 55 than is 49. Possibly an 
error was made when the armature was 
stripped. When an armature from a 
four-pole machine has 109 bars and 
connects on the half, it could be con- 
nected either 1-and-55 or 1-and-56, the 
only difference being that a throw of 
1-and-55 would cause the armature to 
run in the opposite direction to what 
it would with a throw of 1-and-56. A 
Northern motor is very sensitive to a 
slight shifting of the leads. 

If the armature had originally been 
wound with a throw of 1-and-14 and 





345 


then changed to 1-and-13, this would 
naturally cause a difference in the set- 
ting of the rocker arm. We once 
changed the throw of an armature 
with 61 coils from 1-and-16 to 1-and-15. 
When the armature was put back in 
the motor the commutator and the 
winding got excessively hot after a few 
minutes’ running. The _ brushholder 
could not be shifted on this machine; 
so we had to connect the coils with a 
span of 1l-and-16 again, after which the 
machine ran cool. 

A motor can, of course, be speeded up 
somewhat, usually about 100 r.p.m., by 
shifting the rocker arm. W. B. L. does 
not say how much faster than normal 
the armature turns and it might be well 
to check the setting of the brushes as 
a possible source of the trouble. 
GEORGE D. RINGNESS. 


* * * * 


With reference to W. B. L.’s ques- 
tion in the April issue, I believe that 
if he will carefully check his lead throw, 
he will find that the leads are not con- 
nected to the commutator at the proper 
place for the brush setting. I would 
suggest that he check this point up 
very carefully. 

The armature appears to be drawing 
an excessive current. From this cir- 
cumstance, it would appear that a mis- 
take may have also been made in the 
size of wire and number of turns used 
when rewinding this armature, and I 
believe it would be worth while to check 


up on this. M. V. MILLER. 
Service Dept., 

Westinghouse Electric & Mfg. Co., 
Indianapolis, Ind. 


Peoria, III. 


+ * + & 


When Should an Armature Be Scrapped 
Instead of Repaired?—I shall appre- 
ciate it if readers will give me their 
opinion on the following: If an arma- 
ture needs new coils, a new commu- 
tator and a new shaft, especially if 
it is of the type that has the lamina- 
tions stacked on the shaft, is a repair 
job, with only the laminations for a 
base, a profitable undertaking? Also, 
when should the core be junked and 
new laminations used? 

Chicago, II]. B Mi hoa. 

In the April issue, J. E. K. asked for 
opinions as to when an armature should 
be scrapped instead of repaired. In 
most repair shops the cost of re-insu- 
lating a commutator completely and re- 
winding the armature is from one-half 
to three-fourths the price of a new one. 
Since armatures are as good as new 
after rebuilding it is usually considered 
better to repair them than to buy new 
ones. 

If the armature core is on a spider, 
a new shaft can generally be put in at 
a cost not to exceed the price of a new 
armature. If the laminations are 
keyed onto the shaft it is generally bet- 
ter to buy a new armature. 

It must be remembered, of course, 
that there is usually considerable delay 
in obtaining a new armature from the 
factory, whereas one can be rebuilt in 
from two to ten days depending on the 
size and kind. If the iron in the core 
of an armature gets hot while the wind- 
ing does not, this is generally an indi- 
cation that there is an_ excessive 
amount of eddy currents, and the lami- 
nations should either be re-insulated or 
junked, preferably the latter. 

Peoria, Ill. GEORGE D. RINGNESS. 
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Building Maintenance 
and Plant Safety 





























be welcome. 


The object of this department is to give detuils of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear.and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 





















Gloves from Old Leather Used 
for Handling Brick 


CREW of yard men, who were 

inexperienced in handling brick, 
wore out several pairs of gloves before 
they learned how to make an efficient 
and cheap hand protector out of two 
pieces of leather, 10 in. by 6 in., with 
a wrist slot at one end and a finger 
strap riveted at the other. The hand 
is slipped through the slot until the 
fingers come under the strap. The 
stiffness of the leather holds the glove 
securely in place. 

When the brick must be thrown sev- 
eral at a time, from one man to 
another, such a protector makes for 
noticeably speedier handling and also 
helps to prevent sore hands. Old belts, 
which are not too stiff, can be used by 
separating the plies so that the leather 
is not so thick as to be too stiff to use. 
Boulder, Colo. HAROLD E. BENSON. 





Construction Details of Tunnel 
for Conduit and Pipe Lines 


T HAS become common practice to 

run in tunnels lighting, power, 
telephone and clock lines, as well as 
pipe lines for water, air, oil and steam. 
This simplifies the work considerably 
when it becomes necessary to repair 
leaks, replace old sections, install new 
lines and tap in new branches. The 
cross-section of a tunnel in one indus- 
trial plant is shown in the accompany- 
ing sketch. The inside dimensions are 
4 ft., 6 in. wide and 7 ft. high, which 
not only gives plenty of head room, 
but also allows ample elbow-room for 
workmen. 

The walls, top and bottom are of 
concrete 6 in. thick with the top only 
reinforced with 5%-in. reinforcing rods, 
spaced about 6 in. apart. The rods are 
bent near the ends, as shown in the 
sketch, so as to tie the top into the side 
walls. Also, 2-in. by 4-in. studs are set 
in the walls, flush with the inside, 
about every 4 ft., for attaching the 
cleats or hangers which are to carry 


the conduits and small-diameter pipe. 
These studs should be long enough to 
reach into the top and bottom slabs of 
the concrete, to hold them in place. The 
larger sizes of pipe are run along the 
bottom of the tunnel, and are sup- 
ported on suitable rollers to allow free 
movement due to expansion and con- 
traction. 

Manholes with suitable covers are 
located in the top of the tunnel about 
every 50 ft., so as to make the tunnel 
accessible at several points. The ends 
of the tunnel are fitted with doors 
through which the long lengths of pipe 
or conduit can be taken in or out. 
Wherever necessary, pipe conduits are 
set in the top of the tunnel through 
which the wiring and piping lead out 
into the various departments of the 
shop. The pipe lines in the tunnel 
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This tunnel for conduit and pipe 
lines gives ample head- and elbow- 
room. 


should be fitted with a sufficient num- 
ber of tees to allow for possible future 
connections. The wiring can, of course, 
be tapped at any desired point. 

The upper surface of the top slab 
is shown as being. 12 in. below the floor 
line. This allows ample room to install 
necessary supports, such as sleepers or 
I-beams, in case a track or driveway 
has to pass over the tunnel. 
Dorchester, Mass. D. FLIEGELMAN. 





Advantages of Keeping Diaries 
on Maintenance Jobs 


HE editorial entitled “Job-Diaries 

on Maintenance Work,” on page 
491 of the October, 1924, issue was 
very interesting to us, as we have had 
such a system as this in operation for 
about five years. Previous to its in- 
stallation we found that some ques- 
tion would come up regarding a repair 
or maintenance job and it would be 
remembered that this same thing had 
been gone over before, but no one had 
saved the exact data on it. This hap- 
pened so many times that we realized a 
great deal of time and expense was 
being wasted in duplicating investiga- 
tion of the same sort of jobs. 

For instance, an order would be re- 
ceived by one of the engineering de- 
partments for certain work. The fore- 
man would look it over and then call 
upon the others interested for a con- 
sultation as to the best method of un- 
dertaking the job. As a result, from 
two to six men spent some time in going 
over the ground thoroughly. We found 
by experience that this same job would 
come up again and that it would be 
necessary to hold another consultation 
over it, as no one could remember the 
exact details. Eventually we decided 
to keep a rough summary of the method 
used for each job with a notation, 
when the job was completed, as to how 
it worked out. 

It is impossible to give definite fig- 
ures as to the savings in money which 
this plan has made, but we are more 
than satisfied that it was one of the 
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best systems ever started in our shop. 

We have found that our cost system 
helps us greatly in connection with this 
job record, as we can always turn up 
the cost card on any job and secure 
therefrom the itemized list of material 
used and the labor time. These, to- 
gether with the diary record, give us a 
very complete story of each job. 

This plan has worked out to ad- 
vantage in another way, and that is its 
value as a reference for estimating 
purposes. When used with the cost 
records it is invaluable for this pur- 
pose. We are often asked for an esti- 
mate on a certain job which we know 
we have done before and without any 
diary or record it would be necessary 
to make a very careful estimate of the 
cost. However, a look over the diary 
enables us to make sure that the jobs 
are the same; then, after consulting 
the cost records, we can easily give a 
very close estimate. 

I would suggest that anyone who is 
contemplating keeping a job diary, 
such as described, would do well to tie 
it in with their cost records in some 
suitable way. In our case this has been 
accomplished in a simple manner, as 
every job of work undertaken is cov- 
ered by an order number assigned on a 
work order form. This order number 
is shown in the job diary and also on 
the cost records, and thus gives us an 
easy cross-reference. L. J. CLAYTON. 
Ass’t Mechanical Engineer, 

The Goodyear Tire and Rubber Co. of 

Canada, Ltd., 
30wmanville, Ont., Can. 





Air Hoist Saves Floor Space in 
Steel Chip Disposal 


HE small portable compressed air 

hoist so frequently used for a vari- 
ety of jobs in metal mines and by con- 
tractors, may also be put to good serv- 
ice in any machine shop or manufactur- 
ing plant. The small space and light 
weight of these machines, combined 
with their relatively high power, and 
ease of control, render them adapted to 
numerous special purposes. 
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In the new Sullivan Machinery Co.’s 
plant at Michigan City, Ind., all manu- 
facturing is done on one floor, cover- 
ing about 200,000 sq. ft. The problem 
of disposing of the steel and cast-iron 
chips, turnings and borings of the ma- 
chines at once presented itself. The 
cast-iron turnings and borings were 
readily handled by providing small por- 
table bins or hoppers, equal to a car- 
load when filled. These are placed at 
convenient points, and their contents 
dumped, by means of a traveling over- 
head crane, into a freight car, which 
is run into the shop. 

Disposing of the steel chips, turn- 
ings and borings .was a more difficult 
problem, for the reason that the steel 
scrap is more bulky, and the chips and 
turnings are very tenacious, so that 
they interlock when piled together, 
making it hard to separate them when 
the pile was to be loaded onto the car. 
The item of floor space, as well as ex- 
pense, precluded the use of a baling 
press. A platform outside the shop 
was considered, where the waste might 
be piled and handled into freight cars 
by using a self-propelling crane with 
clamshell bucket. However, this would 
be expensive to operate, and necessi- 
tate wheeling the chips a considerable 
distance. 

As floor-space economy was a prime 
consideration, the scheme shown in the 
accompanying illustrations was finally 
adopted. This utilized the overhead 








Two views of the equipment for 
steel scrap disposal at the Sulli- 
van Machinery Company’s plant. 


Steel shavings are dumped from 
wheelbarrows into the skip which is 
lifted by an air hoist, as shown by 
the heavy dotted line at the left, 
and dumped, as shown at the right, 
into the top of this large steel bin, 
with sloping sides and bottom. This 
bin holds about a carload and is 
emptied into gondola cars on the 
track by opening a gate in the 
lower end of the bin. This gate is 
raised by a cylinder air hoist. This 
method of steel shavings disposal 
not only occupies a small amount 
of floor space but it has also de- 
creased the former cost of handling 
about 50 per cent. 
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space which had previously been of no 
value. With that idea in view, a steel 
bin was constructed at a point where 
it could be emptied into the freight car 
at one end of the building. This bin 
was made tapering on the bottom and 
smooth inside. Its capacity, roughly, 
equals that of a gondola freight car. 
The bottom slope is about 30 deg., so 
that the chips slide out of their own 
weight. The top of the bin is flat, and 
about 26 ft. above the floor level. At 
the discharge end, the bin is 14 ft. 
high by 10 ft. wide, and at the small 
end, 3 ft. high by 7 ft. wide by 25 ft. 
long over all. 

The dotted line on the illustration at 
the left shows the path of the elevator, 
which operates in vertical guides, and 
is provided with a hopper or tray with 
a capacity of a full wheelbarrow load 
of chips. The hopper is hoisted by 
means of a Sullivan, single-drum, tur- 
binair hoist mounted on top of the bin, 
as shown in the other illustration at 
the right. The drum holds 500 ft. of 
fs-in. wire rope and has a capacity of 
2,000 lb. on single line, direct, vertical 
lift provided by the 6%-hp. turbinair, 
helical-geared motor. The hoist is 
operated by a valve situated above the 
floor and bolted to one of the guides 
for the elevator. The wheelbarrow 
men dump their loads of chips on the 
elevator trays; then they open the valve 
and the load is raised and the tray 
or hopper automatically dumped at the 
top of the hoist by a trip, similar to 
those used in dumping mine skips or 
cages. These are lowered by gravity. 

When the bin is full, a car is run 
under the large end and a vertical door 
5 ft. high by 10 ft. wide is opened by 
means of an air-cylinder hoist, which is 
shown in horizontal position on the 
top of the bin in the foreground of the 
illustration at the right. This door 
operates like a tail gate on a wagon. 

This method of handling chips has 
saved about 500 sq. ft. of floor space 
and reduced the cost of handling about 
50 per cent. W. H. WINEMAN. 
Shop Superintendent, 


Sullivan Machinery Co., 
Michigan City, Ind. 
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Service 
Around the Works | 


from readers. 





For this sec:ion ideas and practical methods devised 
to meet particular operating conditions are invited 


overhauling, testing or special installations. 


The items may refer to inspection, 












































Contact Device on 
Scale Beam Tells When Proper 
Load Is Obtained 


ARGE quantities of rough rock salt 
are shipped in gondola cars from 
the mines of the Avery Salt Mining 
Company at Avery Island, La. The 
cars are loaded by running them over 
a scale and then starting a motor, con- 
trolled by an Electric Controller and 
Manufacturing Company compensator, 
which drives a conveyor that dumps the 
salt directly into the car. Knowing the 
amount of salt desired in each car, the 
operator first sets his scale beam to 
that amount and then takes his posi- 
tion at the loading chute. 

On the scale, but in a position that 
does not affect the accuracy of it, has 
been placed a very sensitive contactor 
as is shown in the accompanying illus- 
tration. As the scale beam rises to a 
balance, it closes this contactor and 
causes a horn to blow. The operator 


at once shuts off his conveyor motor 
through a push button switch which 
trips the tompensator. 





This contact-making device is lo- 
cated adjacent to the end of the 
scale beam. 

When the scale balances, the beam 
hits the contact device which closes 
the circuit on the horn, thus sig- 
naling the operator that the proper 
load has been obtained. 


This device could also be used to op- 
erate the compensator directly and thus 
do away with the necessity of the oper- 
ator listening to the horn and then 
shutting off the motor himself. 





Comment on 
““Single-Phase Operation of 
Polyphase Motors” 


WAS much interested in reading 

W. L. Lodge’s comments in the June 
issue on the article “Single-Phase Oper- 
ation of Polyphase Motors,” and 
lieve with him that it is almost impos- 
sible to blow only one fuse of the three 
protecting a three-phase motor, and 
thus cause the motor to operate single 
phase, providing that the fuses are ac- 
curately manufactured and correctly 
installed, and motor current is balanced. 

However, it is our experience that it 
is next to impossible to correctly in- 
stall the 30- and 60-amp. size, ferrule- 
type fuses, in either the 250- or 600- 
volt types, due to poor contact of the 
fuse in the fuse block clips, which 
point Mr. Lodge refers to in his Item 
No. 1 under “poor contact.” We have 
a great number of fuse blowouts and 
also burned cartridges in these sizes, 
in spite of the fact that fuses are not 
overloaded and are installed with ordi- 
nary accuracy, and believe it is due to 
the fact that the ferrule contact is not 
thoroughly satisfactory. A large pro- 
portion of them apparently heat enough 


“from the start to draw the temper of 


the spring to some extent, resulting 
in poorer contact and more heating, 
which gets worse until the fuse blows, 
and finally the cartridge is burned. 

It is our opinion that the 30- and 60- 
amp. fuses should be made with a knife 
blade contact, the same as larger sizes, 
as we find no similar trouble with the 
latter. 

We would be glad to see some discus- 
sion from operating men and fuse 
manufacturers on -this subject. 

Power Engineer, CHAS. C. COBB, JR. 


Walworth Mfg. Co., 
Kewanee, Ill. 


Broken Connection 
Cause of Peculiar Behavior of 


Three-Phase Motor 


ECENTLY a report was brought 

in to our plant that a 10-hp., 
three-phase motor driving a quarry 
drill would suddenly reverse its direc- 
tion of rotation without warning. As 
it was impossible to use the drill with 
the motor running the wrong way, the 
drill runner would stop the motor; 
when he started it again it would al- 
ways start the right way only, how- 
ever, to repeat the same performance 
in a short time. 

Some of the electricians and others 
to whom the report was made were 
frankly skeptical, while the wise ones 
openly scouted the possibility of such 
an occurrence. Upon investigation, we 
found, however, that the report was 
correct. 

The accompanying diagram of the 
connections to the starting compensator 
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One of the motor leads was broken 
at A, causing the motor to run 
single phase. 

Under certain conditions, as ex- 
plained in the text, the motor would 
stall and the weight of the drill bit 
would start it rotating in the oppo- 
site direction. . 
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will help to explain the reason for this 


behavior. As shown at A, one of the 
motor leads was broken just above the 
terminal where it goes through the 
switch cylinder. As the lead was rather 
short it would make contact by touch- 
ing on the starting side only. When 
the switch cylinder was thrown to the 
running position the contact would be 
broken but the motor would keep on 
running, single phase. 

In these drills the drill bit is raised 
and lowered by an eccentric. So long 
as everything went all right the motor, 
although running single phase, was 
strong enough to keep the drill going. 
If, however, the drill bit happened to 
become wedged or caught in the hole, 
the motor would slow down and at 
times the weight of the drill bit would 
overcome the torque of the motor be- 
fore the bit had reached its highest 
point. The motor would then stop and 
as the bit is raised by an eccentric the 
weight would start the motor revolving 
in the opposite direction, and as it was 
running single phase it would keep on 
running until it was stopped by the 
drill runner. When again started by 
the compensator the motor would, of 
course, run in the proper direction. 

After the broken lead was repaired 
the motor settled down to the some- 
what more humdrum, but also more 
useful method of operation we have 
learned to expect from these faithful 
servants. J. H. GALLANT. 


Canada Cement Company, Ltd., 
Belleville, Ont., Can. 





Emergency Method of 
Operating Synchronous Motor 
Having Shorted Field Coil 


NE of the troubles that a syn- 

chronous motor may develop, is 
vibration. A machine that has run 
quietly and smoothly and then develops 
vibration, indicates either one of two 
things: misalignment of shaft and 
bearings, or electrical unbalance due to 
variation in the magnetic pull exerted 
by the field. It is advisable, first, to 
check the alignment by means of a 
level. If the foundations of the ma- 
chine have moved, binding will take 
place*in the bearings, accompanied by 
an increased bearing temperature. If 
it is found that the bedplate is level, 
and that the rotating parts turn freely 
without excessive bearing temperature, 
it is necessary to look for electrical 
trouble in the rotating parts. 

The means employed to locate the 
trouble and later operate the machine 
under reduced load in a case wher@ vi- 
bration was rather hard to locate, may 
be of interest. 

The usual checks that were made on 
the motor indicated that it was accur- 
ately lined up. Excessive vibration, 
however, occurred when the machine 
was started as an induction motor and 
the field current applied. Possibility 
of a short-circuited field coil was ap- 
parently discredited, as a voltmeter 
connected across the individual field 
coils indicated a uniform resistance for 
each coil. The machine was _ then 


brought up to speed, field applied, and 
vibration noticed; then the field was 
cut out, and the machine allowed to 
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coast, when the vibration immediately 
ceased. This seemed to indicate con- 
clusively that one of the field coils was 
short-circuited, even though the drop 
measured by the voltmeter indicated 
otherwise. 

Since a short-circuit between turns 
in one of the field coils evidently ex- 
isted when the machine was running, 
running conditions were approximated 
by compressing each coil by means of 
C clamps, the pressure exerted being 
approximately equal to the centrifugal 
force due to the speed of the machine. 
While the coil was compressed the 
voltage drop across it was measured. 
This test was unsuccessful inasmuch as 
it did not show any variation in voltage 
drop. 





Vibration in this rotor was caused 
by a shorted field coil. 


Since the field coil was shorted only 
while the field was rotating, it was 
difficult to locate the defective coil. 
It was found by reconnecting the 
field coils as described in the ac- 
companying article and then operat- 
ing the machine to see whether the 
vibration ceased. 





As this was a six-pole machine, it 
was decided to disconnect the coils on 
two opposite poles and operate the 
machine with four salient poles and 
two consequent poles. In the accom- 
panying diagram, field coils 1 and 4 
were disconnected, leaving coils 2, 3, 5, 
and 6 connected in the field circuit. 
This connection made poles 2, 3, 5 and 6 
act as salient poles while poles 1 and 4 
became consequent poles. When the 
machine was operated with this ar- 
rangement, no improvement in vibra- 
tion was noted. 

Coils 3 and 6 were then disconnected 
and 1 and 4 re-connected. Upon start- 
ing the machine it was found that the 
vibration ceased. This indicated that 
either coil 3 or 6 was causing the 
trouble. To determine which one of 
these two coils was at fault, it was 
necessary to disconnect the even-num- 
bered coils, and operate the motor with 
the odd-numbered field coils; that is, 
coils 2, 4 and 6 were disconnected and 
the machine operated with coils 1, ? 
and 5. No vibration occurred on this 
test. This indicated that coil 6 must 
develop a short-circuit between turns 
when it was subjected to compression 
caused by the centrifugal force of rota- 
tion. 

It was necessary that this machine 
operate under reduced load while a new 
field coil was being obtained from the 
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manufacturer. For several weeks the 
machine was operated at 60 per cent of 
its rated load, with four salient and 
two consequent poles. The maximum 
load was, of course, determined by the 
permissible armature and field current, 
but it was found possible to carry this 
60 per cent load with a slight increase 
over the normal field current and some- 
what lower power factor on the motor. 

If the field coils are removed from 
the rotor, it is necessary that the pole 
pieces remain in the rotor in order to 
complete the magnetic circuit and 
maintain the same number of pairs of 
poles. 

The information gained on this job 
has enabled us to operate at reduced 
capacity a number of synchronous mo- 
tors having defective field coils, that 
would otherwise have been shut down 
until the new field coil was received. 

M. G. REEs. 


District Service Manager, 
Westinghouse Electric & Mfg. Co., 
Detroit, Mich. 





Effect of Full-Voltage Starting 
on Induction Motors 


HE effect of full-voltage starting 

on the windings of squirrel-cage 
induction motors was discussed by J. 
T. Rylander of the Westinghouse Elec- 
tric and Manufacturing Company at a 
recent convention of the American In- 
stitute of Electrical Engineers. His 
paper gives the results of experimental 
tests on starting squirrel-cage induc- 
tion motors on full rated voltage with 
a study of such starting in service and 
methods of bracing the end windings. 
The points of particular interest to 
readers of INDUTRIAL ENGINEER are 
abstracted in the following: 

It is well known that a heavy start- 
ing current is required when starting 
squirrel-cage induction motors with the 
customary autotransformer _ starter. 
When starting these motors by connect- 
ing them directly to the line a starting 
current that is even’ heavier is drawn 
from the line, which, in itself, is unde- 
sirable. However, on certain applica- 
tions it is desirable to have motors 
start from rest or at some reduced 
speed without the aid of an attendant 
when the power on the line fails and 
then comes on again. This is accom- 
plished by omitting the customary auto- 
starter and connecting the motor di- 
rectly to the line, thereby impressing 
on the winding full line voltage, instead 
of reduced voltages of 50, 65, or 80 per 
cent. 

The effects of full-voltage starting 
were determined by special tests made 
on two motors. On these two motors it 
was found that there was either quiver- 
ing, vibration or displacement of the 
windings whenever one of the motors 
was started. The severity of the motion 
or displacement increased as a func- 
tion of the square of the voltage 
applied to the particular winding; that 
is, a 440-volt or 2,200-volt motor is no 
worse off than a 220-volt motor so far 
as the effect of full voltage alone is con- 
cerned, but 440 volts will produce four 
times as much coil displacement as 220 


‘volts on a particular winding, regard- 


less of the voltage rating. 
Starting motors on full voltage pro- 
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duces a severe stress for a short period, 
whereas the use of an autotransformer 
starter produces a less severe stress for 
a longer period than when starting 
with full voltage. The auto-starter may 
produce two severe shocks on the wind- 
ing in opposite directions. This is ac- 
counted for by the voltage, which is 
produced in the winding, being out of 
phase with the line voltage at the in- 
stant of changing from the lower-volt- 
age tap to the full-voltage tap of the 
auto-starter. 

Observations made on a number of 
machines that were subjected to full- 
voltage starting showed that when the 
effect on the windings is slight, nothing 
is seen with the eyes, but any quiver 
or vibration of the windings is felt 
with the hands without difficulty. Some 
of these windings not only vibrated but 
had a definite movement which lasted 
as long as the heavy starting current 
flowed through the windings. These 
movements of the windings were such 
as to separate the windings wherever 
the phases change and to cause the 
winding to move away from the rotor 
and toward the frame. When the vi- 
bration of the winding is severe, a dis- 
tinct hum is heard. 

Some machines which had been in 
service for years finally failed due to 
distortion of the windings. The cus- 
tomary auto-starter method of starting 
these machines had been used. Whether 
the cause of the distortion was due to 
the starting current or to some other 
disturbance, such as short-circuits on 
the line near the motor, was not 
known. These windings showed the 
following effects: 

(1) The windings had separated be- 
tween phases. 

(2) The windings had moved away 
from the rotor and toward the stator. 

(3) The top and bottom layers of 
coils had drawn together. 

The separation between phases and 
the movement toward the frame was 
also. noticed on some of the windings 
that were observed while they were 
being started. 

The attraction and repulsion of the 
conductors on each other tends to move 
the conductors and is opposed by the 
mechanical fastenings which support 
the conductors. Many of the conduct- 
ors are secured by resting them against 
other conductors, which are secured by 
various means. As all armature con- 
ductors pass through the slots, the 
slots are an effective means of securing 
a large part of each conductor. Be- 
yond the slots a number of the con- 
ductors are bound together in a unit as 
a coil, and this prevents the conductors 
from vibrating against each other. 
Each coil end tends to move under the 
effect of the force exerted on it by all 
the other coils in the machine, but is 
resisted by the rigidity of the coil as 
each coil is held by being placed in two 
different slots and usually fastened at 
one or more other places on the ends of 
the windings by means of rope, bolts, 
clamps or steel bands to other more or 
less fixed supports. 

In many of the small motors the 
coils fit closely to each other and the 
complete winding is reinforced with 
varnish or impregnating compounds; 
therefore, their windings are exception- 
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ally well braced to resist the forces ex- 
erted when starting the motors. 

The vibration and movement of the 
windings deteriorate the insulation, 
and if sufficiently severe, will cause an 
insulation failure. They may also 
break the coil leads. 

The kind and amount of insulation 
and the method of bracing are the lim- 
iting factors which determine how 
much vibration or coil movement can 
be permitted. The repetition of these 
vibrations sometimes has a cumulative 
effect by loosening the rope which is 
usually used to secure the coils to a 
supporting ring. 

As the amount of vibration or coil 
movement is directly proportional to 
the square of the ratio of the starting 
current to the full-load current, the 
starting of squirrel-cage induction mo- 
tors is much more severe on the wind- 
ings than it is with wound-rotor induc- 
tion motors, where the current is lim- 
ited by the resistance in series with the 
secondary. As the amount of vibration 
is also directly proportional to the third 
or fourth power of the length of the 
coil between supports, very thorough 
bracing is required where the coil ex- 
tensions are comparatively large. Nev- 
ertheless, there seems to be no question 
that all induction motor windings can 
be braced to stand the mechanical 
effects of full-voltage starting. 





Emergency Use of 
110-Volt No-Voltage Release on 
440-Volt Coil Compensator 


ECENTLY, while installing some 
used motors and compensators, 
it was found that the no-voltage re- 
lease coil was burned out on one of 
the 440-volt compensators. The only 
spare coil on hand was wound for 110 





No voltage 
release coil 


_ 


















A 
Motor winding’ 


By connecting to the neutral and 
midway between it and a phase 
lead, 127 volts was obtained for 
operating a substitute 110-volt, 
no-voltage release coil on a 440- 
volt compensator. 





volts and as the motor which was to be 
started by this compensator had been 
connected previously for 220 volts, it 
was necessary to reconnect it for 440 
volts. 

It was at length decided to bring 
out two leads from the winding, as 
shown in the accompanying sketch. The 
motor was series-star connected for 
440 volts which gives 440+1.78=254 
volts from any phase lead to neutral. 
By bringing out a lead from the 
neutral point and midway between it 
and a phase lead, we obtained 127 volts 
which operated the no-voltage release 
coil quite satisfactorily. 

Construction Engineer, W. L. STEVENS. 


Smith Robinson Co., 
Vancouver, B. C 





Vol.83, No.7 


Installation of 
Switchboards 


(Continued from page 332) 


connection is so overloaded that it 
will endanger continuous operation. 

A regular schedule should be pre- 
pared for the periodic testing of in- 
struments, meters, relays, and for 
the inspection of all other equip- 
ment. It is advisable to have a card 
or blank for this purpose in the form 
of a questionnaire on which can be 
noted each point as observed. 

The switchboard should be cleaned 
regularly. This may be done by 
wiping the apparatus on front of 
the board and the equipment on the 
back of the board should be cleaned 
by dry compressed air of moderate 
pressure from a hose. If this must 
be done while the board is alive, ex- 
treme care must be exercised. 


REPAIRING PANELS 


To renew the finish of dull black 
marine slate, black enamel slate, and 
marble boards, soap and _ water 
should be applied with a soft cloth. 
A marble panel may also be bright- 
ened by rubbing with a cloth dipped 
in gasoline. Oil stains may be re- 
moved from polished marble by ap- 
plying a mixture of benzine and plas- 
ter of paris, letting it remain on the 
stain: for 48 hours. Natural black 
slate may be restored to its original 
freshness by rubbing with a soft 
cloth dipped in good engine oil.. Only 
sufficient oil should be used to bring 
out the good black color of the slate. 

To change the finish of a marble 
panel to match a slate board, the 
polish should first be removed by 
rubbing with pumice stone; the sur- 
face should then be sprayed evenly 
with marine lacquer. If the devices 
cannot be removed, they should be 
carefully protected. Marine finish 
may be removed by rubbing with 
alcohol. 

The same kind of drill is used to 
drill slate or marble as is used for 
steel, except that the heel of the 
drill should be ground off to give 
the drill a sharper angle. Slate may 
be drilled dry, but marble should be 
drilled with water. Care should be 
taken when the drill is coming 
through the panel, not to break the 
back surface by too great a pressure 
on the drill. 

Holes left exposed by changes in 
equipment. may be plugged with 
Portland cement or plaster of paris 
colored with lamp black. 
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Adapting Grease Cup to Apply 
Pressure Lubrication 


HE grease holes in conveyor and 

other bearings where dirt easily 
works its way in, will sometimes get 
clogged up and thus render the ordi- 
nary grease cup ineffective. In such 
instances I have either modified the 
construction of the grease cup so that 
from four to five times the pressure 
may be obtained, or else used a steel 
grip on the cup to help screw in the 
grease. Then by working in plenty of 
the grease while the machinery is in 
operation, the dirt will gradually work 
its way out and cleanse the grease hole 
for a time. 

Of course, this is not a “cure-all” for 
these dirt-clogging troubles, but where 
there is insufficient shut-down time to 
scrape out grease grooves or to make 
other permanent repairs to keep dirt 
out of the bearings, it is wise to keep 
the modified cup screwed into the 
grease hole. 

The lever, which is riveted onto the 
top of the grease cup, is forged out 
of %-in. to %-in. round or hexagonal 
steel to the shape shown in the accom- 
panying sketch, with the ends turned to 
provide a good hand grip. The central 
portion where it fits over the cup is 
flattened out to slightly over % in. 
thick. This flattening or widening 
leaves sufficient stock after the rivet 
holes are drilled out. It may be neces- 
sary to provide additional stock by up- 
setting the steel at this section, as a 
tremendous bending moment occurs at 
the rivet holes when forcing the grease 
through any obstruction. 

If the rivet holes are well laid out 
in both the grease cup and its lever 
and the riveting carefully done, there 
will be no decrease in pressure by any 
grease escaping at this point. 

The selection of a grease cup with 
good threads and a thick shell is of 
importance, when deciding to modify 
its construction in this manner, or else 
the high pressure thus obtained is apt 
to spring or stretch the shell and cause 





the cup to jump threads and become 


ineffective. For this reason, pressed- 
steel cups are better for this purpose 
than those made of brass. Cast-iron 
cups are also good since they are usual- 
ly made thick, but care must be exer- 
cised in riveting the lever on so as not 
to crack the cast iron. 

A handy grip which may be used to 
screw down grease cups which are close 
up against a shoulder so that the lever 
grip shown cannot be used, may be 
made from a piece of steel bent to fit 
around the cap of the grease cup, sim- 
ilar to the clamp used to open the com- 
mon Mason glass fruit jar. This is 
made by taking a piece of 14-in. round 
steel about 17 in. long, flattening it out 
in the center for a distance of about 
4 in. and bending this flat part to fit 
around the grease cup until the ends 
of the rod are parallel. This leaves 
two handles each about 8 in. long which 
may be squeezed to clamp the cap. The 
flat part may be serrated on the inside 
to make it grip on the serrations on the 
grease cup. 
Oakland, Calif. 


S. H. SAMUELS. 
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BL--~ Grease cup 


By riveting levers on the top of a 
grease cup, giving it the appear- 
ance of a wing nut, higher pressure 
may be applied than ordinarily is 
possible when turning by hand. 








Lubrication of Ball Bearing 
Hanger Boxes 


HERE ball bearings are being 

used in shaft hangers, motors 
and other power drive equipment, the 
lubrication requirements are not as 
well understood as for the plain sleeve 
bearings. The tendency is to over- 
lubricate the ball bearings. They op- 
erate best when the balls and races are 
just coated with a film of oil or grease. 
But since it is not a practical mat- 
ter to regulate the supply with cer- 
tainty so closely as this, there is no 
reason to go to the other extreme and 
suffocate ball bearings with lubricant. 
When too much grease is applied too 
frequently, the new grease will simply 
force out the old lubricant and provide 
a place for the collection of dirt and 
dust and make a messy looking bear- 
ing housing. The application of lubri- 
cant to lineshaft hanger boxes using 
ball bearings is recommended not of- 
tener than every three or four months 
depending how continuously the shaft 
is actually revolving in its hangers and 
the load on it. For lightly-loaded shaft- 
ing not in continuous use, the applica- 
tion of lubricant about every nine 
months is sufficient. 

On the lubrication of ball bearing 
hanger boxes, the Fafnir Bearing Com- 
pany, New Britain, Conn., offers the 
following recommendations and_ side- 
lights: 

“Fafnir double ball bearing, hanger 
boxes and other Fafnir transmission 
units are shipped from the factory con- 
taining all the grease which they ought 
to have for six months under average 
conditions. In fact we use a little more 
grease than is needed, believing that 
it is well to supply an excess of lubri- 
cant to guard against possible contin- 
gencies while the bearings are new. 

“It may seem to the reader that we 
are going to considerable pains to ex- 
plain what is really a simple matter 
that anyone can readily understand 
with a few words of explanation. How- 
ever, we know from actual experience 
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that the mill or factory operator is apt 
to be unduly conscious ot the presence 
of his new hanger boxes. It is much 
the same as it is with the man who has 
just bought a new car. He listens to 
every murmur of the motor and his 
ears are strained for squeaks. After 
a few miles he thinks the valves may 
need grinding or, more to the point, 
that the oil has leaked out of the crank- 
case. The consequence is that for the 
first few weeks he makes frequent trips 
to the service station and asks every 
question imaginable—and many that 
surpass his normal thinking powers. 
But after the strangeness has worn off 
he never visits the service station. 

“It is apt to be much the same with 
the man who has just installed Fafnir 
double ball bearing, hanger boxes. He 
worries too much for fear that they 
may need oil. If he hears a squeak 
it may be because the hanger screws 
have worked loose a little, but after 
thinking about it he is pretty sure to 
decide that it is time to grease the 
bearings. As one mill man said to the 
writer recently—‘I know you said these 
bearings wouldn’t need any more 
grease for a year, but I’ll be darned if 
I am going to see them ruined.’ He 
had been filling them up with grease 
every four weeks. 

“Finally, we want to emphasize the 
importance of using a proper lubricant. 
For ball bearing use, avoid lubricants 
which are sticky and will gum up the 
bearings. Never use what is called 
black strap. Moreover, the lubricant 
should be free from graphite which 
will pack in the bottom of the race 
grooves and interfere with the free roll- 
ing action of the balls. Lubricants 
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the highly polished ball and race sur- 
faces. 

“The ideal lubricant is one having a 
mineral base and which is absolutely 
neutral,—that is, neither acid nor al- 
kaline. For very slow speeds a grease 
should be used, and for high speeds, an 
oil. For Fafnir double ball bearing, 
hanger boxes used on line shafting, 
where speeds are usually neither low 
nor very high, in general a neutral 
non-fluid oil made from a mineral base, 
the consistency of which is about like 
vaseline, is best. There are a number 
of brands of high-grade lubricants of 
this character on the market, any one 
of which will give good results.” 


—_—p—____. 


Simple Chart for 
Finding Pulley Sizes to Give 
Various Speed Ratios 


N MAKING changes in belt speed, it 
is frequently desirable to make a 
quick check to see how closely some of 
the pulleys available will give the de- 





With this pulley chart combina- 
tions of pulleys to give any re- 
quired speed ratio may be easily 
computed. 


To find the combination of pulley 
sizes which will give a special speed 
when the speed of one pulley is 
fixed, simply place a straightedge 
on the horizontal scales, which rep- 
resent the two speeds, as shown by 
the heavy dash line. The point of 
intersection of the _ straightedge 
with the diagonal is then used as a 
center and the _ straightedge ro- 
tated on this center indicates the 
possible combinations of pulley 
sizes which will give the required 
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sired speed, if used. One method of 
doing this is by the use of a chart such 
as is shown in the accompanying 
sketch. This pulley chart is made up 
in the form of a square with a scale 
on which each 100 revolutions are equal 
to two units representing the diameter 
of the pulley in inches, arranged as 
shown. 

Suppose that with a motor speed of 
1,800 r.p.m., a speed of 900 r.p.m. is 
desired for the machine which it drives. 
The first step in locating the approxi- 
mate pulley sizes would be to place a 
straightedge on the scale at 1,800 and 
900 r.p.m., as shown by the longer dash 
line. The point of intersection with 
the diagonal is then used as a center 
or axis and the straightedge laid 
through it. When the straightedge 
passes through this center point the 
readings on each side indicate pulley 
diameters which will give this ratio of 
speed changes. In this way, it is pos- 
sible to test out quickly a variety of 
pulley sizes to see if any usable com- 
bination can be made up of those on 
hand. 

While this scheme is a part of a 
recommendation on the calculations 
used in designing textile machinery, 
Technologic Paper of the Bureau of 
Standards, No. 282, the ease with 
which it may be constructed and used 
in industrial work is obvious. If this 
chart is to be used very frequently it 
would be advisable to redraw it to a 
considerably larger scale, and with 
more r.p.m.’s and diameters given. In 
case it is desired to protect it, the 
chart may be shellacked which makes 
it waterproof and easily cleaned. The 
chart in that case must, however, be 
mounted on heavy wallboard. 





Helps on Running-In Bearings 
Which Heat Up When New 


ECENTLY, I found a way of work- 
ing down new bearings when they 
overheat on the first run, without any 
apparent cause, which may be of serv- 
ice to some other reader of INDUSTRIAL 
EncIneER, My remedy for this condi- 
tion is to pulverize a cake of Sapolio or 
Bon Ami and mix it with the oil which 
is being poured into these bearings. 
This is all washed out after obtaining 
the desired relief and replaced with 
fresh, clear oil. On extremely bad 
cases of overheating with new bearings, 
I have used Dutch Cleanser. 

This heating has been attributed to 
using mandrels which ,are not perfect 
and give a somewhat eccentric interior 
bearing surface. This permits the bear- 
ing to turn freely along the shaft but 
it seemingly freezes on being fastened 
down in the bearing housing. My ex- 
perience with graphite is that it does 
not wash out well afterward and to a 
great extent remains in the oil pasages 
within the housing. ; 

One way to clean and reclaim this oil, 
which contains the Sapolio solution and 
also that which has been used in wash- 
ing out the bearing, is to empty it into 
an old felt hat placed upside down over 
a large can. The hat acts as a strainer 
and need only be washed every month 


or so with gasoline. 
Coatesville, Pa. -M. J. E. 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 


In the Repa 


ir Shop 
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Dimension Specification for 
Ordering Stud Bolts 


O MATTER what the product of 

a factory is there is one element 

necessary before service in the way of 

delivery can be given to the purchaser. 

That element is complete specification 
data. 

Where a product is standardized 
there is, of course, less chance for mis- 
interpretation of the order than where 
the product is individual to each con- 
sumer. In the case of ordinary stud 
bolts, for example, it is not unusual for 
the customer to assume that, in giving 
the over-all length and diameter of the 
bolt, he has given sufficient data for 
fulfillment of the order. Consideration 
of the following facts will show that 
this is not true: (1) Proper thread 
length for both the tap and nut ends 
of the bolt is essential for its use in a 
particular case. (2) No standardized 
length of tap and nut ends is recog- 
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Use of this form simplifies the 
specification of stud bolts. 


The four important dimensions that 
should be given are indicated by 
the circles. The dimension P is the 
width of the point. This dimension 
has been standardized as indicated 
in the table under the diagram. 


P 














nized for a given over-all length and 
diameter of a stud bolt. (3) A large 
percentage of this type of bolts is spe- 
cial both as to size, and length of 
thread wanted. (4) Methods of meas- 
urement of the length of the tap and 
nut ends differ; that is, the tap length 
is measured through the point, while 
the nut end is measured to the point. 
(5) The importance of specifying 
point measurement is frequently over- 
looked. 

In consequence of the failure of many 
purchasers to give either sufficient, or 
the right kind, of information when or- 
dering stud bolts, many bolt and nut 
manufacturers have developed their 
own methods of interpreting specifica- 
tions. Some have even adopted a 
standard of their own in which a given 
over-all length and diameter of the bolt 
represent a definite length of the tap 
and nut ends. Difficulties attend the 
use of this, however, as it is not com- 
monly employed or commonly recog- 
nized as a standard. 

The method which we employ in the 
case of a customer who orders many 
special studs, is noteworthy because of 
its success in eliminating errors. A 
small blue-print, which is about 4 in. 
by 6 in. in size and of the form shown 
in the accompanying illustration, has 
been made showing the threaded por- 
tions, blank area and the points at the 
end of a stud bolt. The dimension lines, 
it will be noted, have been drawn in the 
print for each of these items, but the 
space for the figures has been left 
blank. The three items below the stud 
diagram give the point dimensions (in 
width) for the various sizes of bolts. 
It will also be noted that the dimension 
for the tap end of the bolt extends 
through the point, while the dimeasion 
for the nut end extends only to the 
point. The dimension for the point 
itself constitutes a separate item. 

A large number of these blank blue- 
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prints’ are kept on hand by the cus- 
tomer. When ordering stud bolts the 
dimensions desired are filled in on one 
of these blueprints which is then sent 
along with the order. 

There are several advantages con- 
nected with the use of this method of 
ordering. Briefly, they are: (1) Elim- 
ination of all possibility of misinterpre- 
tation by the manufacturer. (2) Rapid- 
ity with which the dimensions can be 
filled in. (3) Elimination of time lost 
in writing the manufacturers for 
further information. 


Buffalo Bolt Co., ARTHUR L. GREENE. 
North Tonawanda, N. Y. 





Simple Prony Brake 
for Testing Small and Medium 
Sizes of Motors 


OMETIMES, in testing small and 

medium sizes of re-wound motors, 
it is desired to subject them to a load 
test. This is often inconvenient to do 
because of the lack of a dynamometer 
or a generator to which the motor may 
be belted so as to provide a load. When 
this is true the best method of obtain- 
ing a load is by the use of a Prony 
brake. 

A very simple form of Prony brake 
that can be easily made in the repair 
shop is shown in the accompanying il- 
lustration. The motor to be tested is 
fitted with a large pulley or flywheel. 
A piece of leather belting long enough 
to wrap around the flywheel. as shown 
in the illustration, is fitted with soft 
wood cleats. These cleats may be fast- 
ened to the belt by means of wood 
screws. Buckets are then attached to 
each end of the belt, as shown. 

In running the test the flywheel 
should be gradually brought up to 
speed and at the same time the two 
buckets should be balanced by adding 
iron, bolts, nuts, scrap iron, rock, or 
other small, heavy objects. Naturally 
more weight will have to be added to 
bucket A so as to resist the pull of the 
flywheel on the cleated belt. Weights 











The brake is made by fastening 
soft wood cleats to a piece of 
leather belt. 


This belt is placed around a pulley 
or flywheel attached to the motor 


shaft. By adding weight to the 


buckets which are fastened to the 
ends of the belt the desired amount 
of load may be obtained. 
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are added to bucket B so as to obtain 
more friction between the flywheel and 
the cleats, thereby putting more load 
on the motor. When the desired amount 
of load has been placed upon the motor, 
as indicated by an ammeter connected 
in the supply to the motor, and at the 
same time the buckets have been made 
to balance, determine the speed of the 
flywheel by means of a_ revolution 
counter. . 

The horsepower delivered by th 
motor at the motor shaft may then be 
determined by the following equation: 

Hp.—3.1416 X DXr.p.m X (A—B) ~— 

33,000. 

In this equation, 

D=diameter of flywheel 

A=total weight of bucket A and its 

contents 

B—total weight of bucket B and its 

contents 
r.p.m.—revolutions 
motor shaft 

As an example let us say that the 
diameter of the pulley or flywheel was 
2 ft., and that the motor speed was 
1,200 r.p.m., when the buckets balanced. 
The total weight of bucket A was 
found to be 80 lb., while that of B was 
10 lb. Then the horsepower developed 
by the motor during this test was 
3.1416 21,200 (80—10) — 33,000— 
16 hp. 

In making this test it is a good idea 
to nail strips of wood on the ends of 
the cleats at two or three points, so as 
to prevent the brake from slipping 
sideways. 

Some objection to this form of brake 
might be raised because a downward 
thrust is placed on the motor bearing 
by the weight of the two buckets, which 
will cause increased friction at the 
motor bearings. This would not be the 
case if the motor output were deter- 
mined by the usual form of prony 
brake. However, this increase in bear- 
ing friction is quite small, especially 


per minute of 
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when compared with the full-load rat- 
ing of the motor. * Also, the same in- 
crease in bearing friction is encoun- 
tered when the motor is belted to its 
load, as the pull of the belt must be 
borne by the bearings, so that this test 
will give a close approximation of the 
performance of the motor under normal 
operating conditions. 


Oakland, Cal. S. H. SAMUELS. 





How Babbitt Oil Rings Were 
Cast and Turned Down 


WO very old motors which were 

brought in to us for repairs, re- 
quired, among other things, the re- 
placement of eight oil rings. These 
were of white metal, which the owner 
insisted was babbitt and, as he would 
allow nothing else to be used, we made 
the rings from genuine babbitt. Be- 
cause that metal is not very strong 
and is difficult to handle in the lathe, 
the method used may help some other 
readers. 

The rings were %6 in. wide, 3 in. in- 
side and 3% in. outside diameters. A 
mandrel was made by cutting a piece 
of oak about 1 ft. long and putting big 
centers (regular 60-deg. bevel) in each 
end. These centers were large enough 
to stay true when turning and chang- 
ing in the engine lathe. This mandrel 
was turned to a diameter of 3 in. for 
more than half its length and care- 
fully smoothed up. 

In order to make good, solid rings, 
it was decided to stand the mandrel 
vertically and to surround it with a 
piece of steel tubing, 3% in. inside di- 
ameter. This tubing was smoothed 
inside with emery cloth to make it 
slippery and was painted inside with 
red lead. Both tube and wooden man- 
drel were faced square on one end, so 
that they could be clamped upright on 





With this device a repair shop can 
add the equivalent .of a sensitive 
drill attachment to a lathe for 
drilling or tapping. This is not 
difficult to make and is consider- 
ably more satisfactory in its opera- 
tion than trying to use the drill or 
tap in the tailstock center of the 
lathe. 
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the planer table, and centered with a 
scale. The babbitt was then poured. 

After the tube had been pressed off, 
it did not adhere tightly to the bab- 
bitt, due to contraction of the latter 
and the coating of red lead on the in- 
side of the tube, the shell of babbitt 
remained on the wooden mandrel. This 
was put in the lathe and was found to 
run as true as when turned. The ex- 
cess babbitt was turned off until the 
shell was concentric and reduced to the 
required diameter. The roughness of 
the wood and the contraction of the 
metal were sufficient to hold it in place 
for turning. 

Finally, a %-in. parting tool was 
used to divide the shell into rings. Thin 
slices of babbitt-bound wood were then 
cut off with a hacksaw. The wood cen- 
ters were removed by drilling a few 
holes and splitting out with a knife. 
The slight roughness inside was 
smoothed with a scraper and the rings 
were ready. It was a matter of satis- 
faction that these rings were made 
without distorting them and that they 
ran perfectly when put into service. 

DONALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 





Easily Constructed 
Sensitive Drill and Tapping 
Attachment for Lathe 


MALL repair shops often do not 

have an extensive line of machine 
tools and the ingenuity of the men is 
frequently taxed to devise special at- 
tachments for doing unusual work. One 
operation, for example, which they are 
frequently called upon to do, is to drill 
or tap parts in the lathe. In shops 
without special attachments the usual 
method of drilling with the lathe is to 
place the drill in the tailstock spindle 
and use the tailstock feed to move the 
drill into the work. It is more diffi- 
cult, however, to use a tap in the tail 
stock of the lathe in this way on ac- 
count of the tendency of the tap or 
chuck to pull out of the socket when 
backing off. 

One means of attaching a sensitive 
feed to the tailstock of a lathe is shown 
in the accompanying sketch, which il- 
lustrates a device which one repair 
shop man made to do this kind of work. 
As will be seen a chuck is mounted on 
a solid shaft, with a feather key to 
prevent it from turning. The connec- 
tion to the lathe spindle is made 
through a hollow tapered shank of the 
usual size. The key is also attached 
to this shank. A single link and a 
pressure lever are fitted with small 
brackets, as shown in the sketch at the 
left. 

The drill or tap is moved forward 
by the lever, without forcing, and only 
as required. The parts comprising this 
device are simple and do not require 
any difficult machine work or the mak- 
ing of any castings. Drilling and tap- 


ping operations may be carried on with 
this fixture with a facility equal to 
that afforded by the sensitive drill 
press, which makes it a very desirable 
lathe fixture for general use. 

Washington, D. C. 


G. A. LUERS. 
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Removing Dust in 
Industrial Plants 


(Continued from page 326) 


employed, and suctions less than the 
maximum noted above will be the 
rule, in the average case. 

Centrifugal exhausters used for 
this class of work are generally of 
the stage or turbine type, in which 
a number of narrow fan wheels are 
mounted side by side upon the same 
shaft, so as to operate in series, the 
same as a centrifugal pump with 
multiple impellers. Low-pressure 
exhausters of this type are common- 
ly designed for suctions up to 25 or 
30 in. of water column, and high- 
pressure machines for 100 in. 

Another form of exhauster used 
quite extensively in this work is the 
rotary type. This is a positive-pres- 
sure machine, and some forms are 
capable of operating satisfactorily 
under pressures up to 5 or 6 Ib. per 
sq. in. 

Pneumatic sweeping is made use 
of in all kinds of factories and mills 
where fine dust and lint settle upon 
the building construction and its 
contents. Its advantages are ob- 
vious, as it sweeps without raising 
a dust, and collects the waste ma- 
terial for disposal without moving 
it from place to place within the 
room.. Sometimes, however, in cer- 
tain places difficult of access around 
shafting and in intricate machinery, 
such as motor or generator wind- 
ings, it is necessary to blow the dust 
or lint out with a jet of compressed 
air and then collect it with the 
sweeper. This is best accomplished 
by a jet of air, not exceeding % in. 
in diameter, under a pressure of 
about 30 Ib. per sq. in. For some 
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Jets from compressed air lines are 
sometimes used. However, as com- 
pressed air generally contains mois- 
ture, it is not safe to use around live 
electrical equipment. Also, the pres- 
sure is generally too high although 
many plants use it. 

When employed in textile mills for 
cleaning machines and shafting, the 
air current should be directed down- 
ward, in which case the heavy lint 
will fall directly to the floor with- 
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Hoods and exhaust systems on a 
fur cleaning bench. 


Each bench is supplied with its in- 
dividual exhaust system and outlet 
so that either may be used irre- 
spective of the other. The hoods 
catch any dust or hair which may be 
loosened during the cleaning proc- 
ess and draw it away from the 
operator before it escapes into the 
room. The suction brush which is 
used for cleaning the fur is on a 
separate exhaust system, as it re- 
. quires a much higher suction pres- 
sure than is needed for the hood. 





out being blown about the room. 
Equipment for this purpose is usual- 
ly of the portable type. Similarly 
trucks are equipped with pneumatic 
sweeping equipment, this being much 
cheaper in many cases than install- 
ing an extensive system of piping 
connected with a stationary plant. 
Sweeping and blowing machines are 
often combined in the same unit by 
the use of valves for reversing the 
flow of air through the inlet and 
outlet pipes. 

Types of portable hand blowers 
and one combination portable blower 
and vacuum cleaner are available for 
this purpose. These are attached 
to a light socket and held in the 
hand while the blast of air is direct- 
ed into the machine through a long 








Table I—Minimum Sizes of Branch Pipes for Emery 
or Other Grinding Wheels 

















MAXIMUM MINIMUM 
GRINDING DIAMETER 
SURFACE OF 
IN BRANCH PIPE 
DIAMETER OF WHEELS Sq. IN. IN INCHES 
6 in. or less, not over 1 in. thick.............................--- 19 3 
7 in. to 9 in., ine., not over 1% in. thick................ 43 3% 
10 in. to 16 in., inc., not over 2 _ in. thick................ 101 4 , 
17 in. to 19 in., inc., not over 3 _ in. thick................ 180 4% 
20 in. to 24 in., ine., not over 4 in. thick................ 302 5 
25 in. to 80 in., ince., not over 5 in. thick................ 472 6 





wheels are those given in the tables 


diameter. 
with common practice. 


NoTE:—The sizes of connections suggested for grinding and polishing 


York, with the exception of those for polishing wheels 21 in. and over in 
Specified pipes are without fractional inch diameters to agree 


Table 1I—Minimum Size of Branch Pipes for Buffing, 


by the Department of Labor of New 











Polishing or Rag Wheels 
MAXIMUM MINIMUM 
GRINDING DIAMETER 
SURFACE OF 
IN BRANCH PIPE 
DIAMETER OF WHEELS Sq. IN. IN INCHES 
6 in. or less; notsover-1 in. thiek.__....................2.:...... 19 3% 
7 in. to 12 in., ine., not over 1% in. thick................ 57 4 
13 in. to 16 in., inc., not-over 2 in. thick................ 101 4% 
17 in. to 20 in., inc., not over 3 _ in. thick................ 189 5 
21 in. to 27 in., inc., not over 4 in. thick................ 338 6 
27 in. to 33 in., inc., not over 5 in. thick................ 518 7 





than the sizes given in above tables. 


NoTE:—Where the branches are extremely long, the friction loss in the 
system may be decreased by making pipes % in. greater in diameter 














equipment this pressure is too high. 
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nozzle. They are designed primarily 
to clean electrical apparatus and to 
remove the dust or lint which set- 
tles in the windings. It would be 
almost impossible to remove this in 
any other way. Switchboards, re- 
lays, and other electrical equipment 
are also cleaned in the same way. 
The use, however, of these blowers 
is in no way restricted to electrical 
equipment. 

Methods of removing the dust 
from the air supply and the exhaust 
system, which require the use of 
filters, will be taken up in another 
article to appear later. The problem 
of handling heavier materials such 
as shavings, cotton, wool, bark and 
so on will also be discussed in a later 
issue. 

EpiTor’s NoTE: Special acknowledg- 
ment is made to the following compa- 


nies for assistance in furnishing in- 
formation, data and illustrations for 
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this and other articles which are ap- 
pearing in this series: The Air Condi- 
tioning & Engineering Co., St. Louis, 
Mo.; Allen & Billmyre Co., Inc., New 
York City; American Blower Co., De- 
troit, Mich.; Autovent Fan & Blower 
Co., Chicago, Ill.; E. B. Badger & Sons 
Co., Boston, Mass.; Bentz Engineering 
Corp., Newark, N. J.; Buffalo Forge 
Co., Buffalo, N. Y.; Carrier Air Con- 
ditioning Co. of America, Buffalo, 
N. Y.; Carrier Engineering Corp., 
Newark, N. J.; The Clarage Fan Co., 
Kalamazoo, Mich.; The Cooling Tower 
Co., Inc., New York City; The Dust 
Recovering & Conveying Co., Cleveland, 
Ohio; Globe Ventilator Co., Troy, N. Y.; 
Green Equipment Corp., Chicago, 
Ill.; Holly Pneumatic Systems, Inc., 
New York City; Ilg Electric Ventilating 
Co., Chicago, Ill.; The MacLeod Co., 
Cincinnati, Ohio; The Martindale Elec- 
tric Co., Cleveland, Ohio; Mellish- 
Hayward Co., Chicago, IIll.; Midwest 
Air Filters, Inc., New York City; The 
Northern Blower Co., Cleveland, Ohio; 
Reed Air Filter Co., Inc., Louisville, 
Ky.; Spray Engineering Co., Boston, 
Mass.; B. F. Sturtevant Co., Boston, 
Mass.; The Temco Electric Motor Co., 
Leipsic, Ohio. 














Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 














Wall Receptacles—Bulletin 53 describes 
the wall receptacles, plugs and cable 
connectors made by this company for 
use in industrial plant and other 
buildings.—Russell & Stoll Co., 53 
Rose St., New York City. 


Repair Parts for Meters—Part List 9, 
gives the price list of repair parts 
for Type H watt-hour meters and 
single-phase and polyphase meters, 
service and switchboard types.—San- 
gamo Electric Co., Springfield, Ill. 


Speed Reduction Units—A booklet en- 
titled, “Speed and Power,” describes 
and lists the Boston herringbone and 
worm gear speed reduction units.— 
Boston Gear Works Sales Co., Nor- 
folk Downs, Mass. 


Lift Trucks—A 12-page bulletin de- 
scribes the four-wheel Plimton elevat- 
ing-platform hand-trucks which are 
manufactured in 33 sizes. The front 
wheels are mounted on automobile 
type steering knuckles.—The Plim- 
= Lift Truck Corp., Stamford, 

onn. > 


Snap-Switch Rheostat—A folder de- 
scribes a combination snap-switch 
and rheostat for use in connection 
with small fans, buffers and grind- 
ers, small lathes, winding machines, 
lamps and motors, soldering irons, 
glue pots and other appliances.— 
National Electric Controller Co., 154 
Whiting St., Chicago, IIl. 

Machine Molded Gears—A folder shows 
how the Poole machine molded gears 
are made and illustrates some of the 
variety of gears manufactured in this 
way.—The Poole Engineering & Ma- 

‘chine Co., Baltimore, Md. 


Chains and Gears—Section 27 is a 224- 
page catalog of the chains, sprockets 
and gears designed and supplied by 
this company for use in connection 
with their conveyors and other equip- 
ment.—Stephens-Adamson Mfg. Co., 
Aurora, III. 


Wood Boring Machines—Literature de- 
scribes a new lightweight, reversible 
pneumatic wood boring machine 
which is suitable for boring holes up 
to 1 in. in diameter.—Ingersoll-Rand 
Co., 11 Broadway, New York City. 


Non-Metallic Heating Elements—A 
technical bulletin describes the Glo- 
bar non-metallic heating unit, gives 
charts and tables of ratings and 
shows a large number of standard 
types of elements used in the electric 
heating field—American Resistor 
Co., Milwaukee, Wis. 


Hollow Seamless Balls—Folders de- 
scribe the method of manufacture of 
hollow seamless balls made in one 
piece from steel, brass, bronze, cop- 
per, aluminum, monel metal, stainless 
steel, or any other metal, together 
with some of the applications.—Hol- 
low Ball Co., Inc., Baltimore, Md. 

Automatic Cable Take-Up Reel—Bulle- 
tin 1000 describes the C.A.W. auto- 
matic cable take-up reels for handling 
and preserving cable, such as is used 
on lifting magnets and other portable 
electrical equipment.—Cleveland Ar- 
mature Works, Inc., 4732 St. Clair 
Ave., Cleveland, Ohio. 

Truck Casters—Catalog K-8 describes 
the various types of anti-friction 
truck casters which are provided 
with ball races in the swivel and rol- 
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ler bearings in the wheel. One type 
has both ball and roller bearings in 
the swivel—Bond Foundry & Ma- 
chine Co., Manheim, Lancaster 
County, Pa. 


Roller Bearings—A folder describes 
utility roller bearings which are 
made in standard sizes for general 
use, and gives dimensions and price 
lists—Rollway Bearing Co., Ince., 
Syracuse, N. Y. 


Safety Ladder Shoes—A folder de- 
scribes a cork-grip, non-slipping safe- 
ty shoe for attaching to the foot of 
ladders. When attached, this shoe is 
hinged so that it does not interfere 
with the use of the ladder.—The 
Safety Service & Engineering Co., 
5716 Euclid Ave., Cleveland, Ohio. 

Storage Batteries for Trucks and Trac- 
tors—A 16-page booklet entitled 
“The Adaptability of Electric Indus- 
trial Trucks and Tractors” illustrates 
and describes some of the numerous 
applications of electric trucks and 
tractors. A 28-page booklet entitled, 
“Selecting a Battery for Electric In- 
dustrial Truck Service” gives the 
points to be considered in selecting 
a battery for this type of equipment, 
shows by means of charts the oper- 
ating characteristics, and discusses 
electrical efficiency, maintenance care 
and cost and other battery problems. 
—The Electric Storage Battery Co., 
Philadelphia, Pa. 

Waterproofing Treatment for Belts— 
Circulars describe Belt-Sek which is 
a special belt treatment that can be 
applied to belts on the pulleys for 
waterproofing them. In addition, it 
is claimed that this treatment will 
lengthen the life, prevent slipping 
and clean the belt as well as put 
new life into dry, brittle or cracked 
belts. Other circulars describe dif- 
ferent products which waterproof and 
preserve canvas, cotton ‘textiles, and 
other fabrics and materials.——Sek 
Manufacturing Co., 4801 W. Kinzie 
St., Chicago, IIl. 

Handbook of Mechanical Rubber Goods 
—A handbook of 160 pages describes 
the various Goodyear mechanical 
rubber products such as belts, hose, 
packing, molded and lathe cut goods; 
56 pages are devoted to a discussion 
of Goodyear belting, its applications, 
methods of fastening, care, how it is 
made and its use.—Goodyear. Tire & 
Rubber Co., Akron, Ohio. 

Wiring Manual—A 150-page, pocket- 
size handbook contains tables and a 
large amount of data for ready refer- 
ence by electrical engineers, contract- 
ors and wiremen, in addition to in- 
formation regarding Simplex prod- 
ucts.—Simplex Wire & Cable Co., 201 
Devonshire St., Boston, Mass. 

Safety Switches, Wiring Devices, 
Switch and Panelboards—Catalog 13 
is divided into four sections, taking 
up the following subjects: safety 
switches; open knife switches and 
accessories; porcelain wiring devices, 
panelboards and cabinets. This cat- 
alog contains 195 pages including 
the index, and gives a number of 
diagrams as well as descriptions and 
illustrations of the equipment.—The 
Trumbull Electric Mfg. Co., Plain- 
ville, Conn. 

Care of Rope—Pocket size circulars ex- 
plain the proper care of manila rope, 
show how to uncoil it and give a 
price list—Columbian Rope Co., Au- 
burn, N. Y. 











